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(57) Abstract 

A process for producing purine nucleosides 
which comprises breeding and culturing 
microorganisms having a gene encoding an enzyme 
wherein the feedback inhibition has been substantially 
relieved by substituting one or two amino acid residues 
in PRPP amidotransferase encoded by Escherichia coli 
purF, a gene encoding a protein wherein the repressor 
in the purine nucleotide biosynthesis system encoded 
by purR has been inactivated and a gene encoding an 
enzyme wherein purine nucleoside phosphorylase 
encoded by deoD has been inactivated, a gene 
encoding an enzyme wherein succinyl-AMP synthase 
encoded by purA has been inactivated, a gene 
encoding an enzyme wherein 6-phosphogIuconate 
dehydratase encoded by cdd has been inactivated and a 
gene encoding an enzyme wherein phosphoglucose 
isomerase encoded by pgi has been inactivated, or the 
like. 
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mmm 

^l.tz^^^JV^m(Dm.^m (#^Bg 38-23039. if^^Jk^ 54-17033. 

5 5 - 2 9 5 6 s n^BE 55-45199. ^t^l^BS 56-162998. 
^'jk^ 5 7 - 1 4 1 6 0. 57-41915. ^t^^^ 59-42895) . 

^xnyu\^^'i^y' V ^amcowl^^ (^^^5 1-5075. <i^^m5 s - 1 

7 5 9 2. Agric.Biol.Chem., 42, 399(1978)) m^m^^^^j^trn'^nxi^^^o 
(N-methyl-N'-nitro-N-nitrosoguanidine) h'cD^^lfl^eM:feff V^. m 

8- 1 5 8 1 9 7. nr^m 5 8 -175493. Hg 59-28470. 
^60-156388. 1 - 2 7 4 7 7. 1 - 1 7 4 3 8 5. 

¥3-58787. Jt^^¥ 3 - 1 6 4 1 8 5. #^1¥ 5 - 8 4 0 6 7. if^gg¥ 5 
- 1 9 2 1 6 4 ). *5J:l^•7*^tV^•^7^U ->AJlCD^^^i|^ (4^igDg6 3 - 2 4 8 
3 9 4) xniDtlXU^o 
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t^D U >^ (PRPP) K h ^ >X7 31^— ^f:tectt>':1^^5}-^ U ^'i>;bt:D u 
>^ (PRPP) i/>-tr^— tfT$>So 

^:x.{i*-!t^i/:^;i/-'7^7=^y i^>^ y U >^ (AMP) S>>^— fe\ rU>7^U 
:t K • :7 :t :^ :7 :t 'J ^ — T7=^ y S> > • y^T ^ i-—iz. -i y>>- ^'T J v 
> • =^r::^— fe\ y v >^ y U >^ ( G M P ) U cJ'*^^^— tr\ 6-:7;i-:^7;f 
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•;(E.coii) mt^^if^fi^o E.coli^^t^5^x^e^^^>^fflv^T*ffl-r^^-^ 

izlt. E.coli K12»^!:t;f^®|^#i*:^Ml^S:ii:*^t^^o 

^©3i^>3i «; tTJStMt-^^^^i^A^ E.coli®S^^it*0'Jx«"W311O^*cfc D 

^M^J 1 {ciB« Lfc^{^-r-tg« LT50 mg/U^l±. ^ ^ b < (ilOO mg/m 

±. ^ L < {±200mg/U:a±. *)oi:*j$f^b< {^500 mg/m±(D'i 

c^tZct^Wfis -mti^x. yv>7^u7i-y}'^'^^izm-^-r^mm(DmB 
^(D^Mm^±^^'^^:ztizx^^m^mmx^^o ru>7^i/ 
:ty \'^'^mizm-^T^mmcDmm^mm-r^ztizx^mM^mmx^^o 
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- 4 - 

±mm t . mmmtmi^T^ ±^^1^^^: Izm^t^iZ^tiXl.^^ (Escherichia 
coli and SahnoneUa CELLULAR AND MOLECULAR BIOLOGY second 
Edition vol. 1 and vol. 2 ASM PRESS WASHINGTON D.C.)o ^tl?>^^®0 

-fe°(PRPP amidotransferase)-^ PRPP>>-fe^ — -If (PRPP synthetase)T- $>^o 
r U > ^ ^ 1/ ;t K {cM#-r^^*® IfflJiSi^ T" CD rStt % ±# ^ ^ 

#©^i^E^cD#A{col^T{i. ^j^{i*i^M¥ 1 - 2 1 5 2 8 o^^jkmi^mm^ti 

^ b T MJ^ X. D N A ^ ft M L . [Hjlim X. D N A ^ ^g^^^^ {3 f*t# ^ -it ^ :i ^ (z J; -o 
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^(D^^t^-^K cn^jW^l^^^ h ^> V4<V*>(Berg, D.E. and Berg, CM., 
Bio/Technol., 1, 417(1983))^Mu7 T — (it^P¥2-109985) ^^tf o Min^^^ 

%Mm.oy±^ L 7ta^^#3® ^^{c ^ o T ± ^ LT E. col i®ga^0^tfE^tf 
^{cS-^ts PCR(polymerase chain reaction)^£<^ffl VNTi£:»M^?HE^ ^^^ti 
ipgmff LWIlf^ffll^ § C i: A^T- ^ § o 

fe^xt^E.coli K12©W3110^ (ATCC27325)©^fi^DNAci: t)PCR^^fflV^T P 

TSo CCD^^$ffl1-^^fel*:DNA{±E.coliffi3feT-$)ntt'^©®1*T.fe) J:l^c purF 
l^Ty'J ->y^y V >^(AMP)^^'Ty i>>^y U >^(GMP)T-7 ^ — hv\"^;/^[5i 
^^^(t^PRPPT^^ K h^>:^:7ai^— l2<&=^-K■r^it^E^^av^. itf^ 

^-yri.^ h*)^(f ?>n^o 

^N'^^/^PIS. T7^^iJi-v3>. fe;i:W]$iJ^h'*^-ro ^^5£l^*5^3tLytru 
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>@g( ADP ) {3 ^ ^ -r - K >y ^ Pim' ^ Sit ^ P R P P i> >-fe ^ — {f ^ 

tf (IMP dehydrogenase: guaB) ^ G M P i> > -fe ^ — tz (GMP synthetase: 
guaA)i:*sg{tTV^§o ^fcs rU>-;t'^D>, guaBAfiJIpaiJ^gftT ^ o 

mifi$>^. dtitt. ^jtitfe^[^®^MT'^§o tits m^mti^x 

iiiu y\jy^^\y^^\iij^^miz^^-r^^i'¥yxy°v>^ 

3t<E^{3^^>S:5feb^-li:^{3{±. gPiiii^M&^^^iS (Kramer, W. and Frits, 
H.J., Methods in Enzymology, 154, 350(1987)). hPCR^S (PGR 

Technology, Stockton Press(1989)). ^^(D^^(DdM^'{t^'^m-t t 

m^^mmmm. tv<it- hi:Jv^T-i^>^mm-^j:}f(Dit^mmxmmT 

m-^. mnoy%Mm.mm\^>{^-^m'^r^:ih\zx^xm-<^^iy. tn;^*ffli>T 
Bi-^^^hA^T-#^o ^tz. mmcDmwmm-^ntz^mm-^m^-t^—^cDi^ 
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^fit'^it'tX- BM $ tlX V^ ^ (Escherichia coli and Salmonella CELLULAR 

AND MOLECULAR BIOLOGY second Edition vol. 1 and vol. 2 ASM PRESS 
WASHINGTON D.C.)o ^tl^fC^nx.. < 

mm^m^nti.xmixmm^$>^^^it^(Df^?si:^ immm ^mm-r 

ru >^^uyi-iy \'3E^mt^(^^i&Lxm.(Dixmm<^izi^rz:h^j;B^mmr^ 

izi±^ ^(Dmm^zi-\^-r^Miiii'iz^m^mx-r^t\ i^^i^it^cDmm^^ 
mmzT-mit-r^mm^mmT^:^m^ji^t^$)^o 
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^— fe\ T^V v> • b\ ^ ^>-^"r ^ ' GMP 

•-rv^^—- tr\ ^7=^— > • ^T'^ tz\ ^-t^-> h i> > • 7 ;t ;^ 7 ;r U ^— If 

Wi7!^(DmMmX'lt. E. coli^C^^^T•t^^^>-;^-AMPSx>^-^25t^S^ 
(purA jifE^) ^«fe^LTy'5=-'^>g5f<t4^M#b;^ch^. E. coUcDT^'- 

®^»*^'i:»^i:^cofco L*^L. :m^©^^iP#5K(±. E. colitc j^l^Tiife^ 
t:tGMP b^-^^—- bliGMP* I MPlc^mi-aSj;&{z|3iD^7!)\ GMP 

m(Dmmmizm-rx^izmT-(D^-ry^>>mmm±tm.t^^titzo 
m.m-t^^mM'p'^m^mz^^^ yy) >^ ^ i^^ty Y^^mzi^tz^^i-tm^. 
i-^m^.^^mizm<tz!sbiz. h—:^ u >^^s§*{i^^-y-^ j^oicftii^®^ 
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(4) y^^iy:ti^ I' (Dmmp^^owL^ jh^^m^itr ^ z tiz j^^xy ^) > 

(5) y'^)>y-^\yti^ ^(DmMm 

T'r-y'pmm(Dmm^t^}f(o^i^^ni^tz\±nm:^^ym^mm.^m-^^^ 
cihA^li^bi>o ^itL^^cD'ftliiZs .j^^m^j!ts\:^x. u >@t:t?;i/i^'^ A. m-ry^. 
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ig«{±»ms^^f^TT 16-72 mrsm!^mm-r^(D-h^j: < . tg^^ajsa 3 o 
( 6 ) r >^ ^ i/Tt- V Y^mmcDmw^m 

^-r^v^ni ij • UCE.coH) K12©W3110^* (ATCC27325)®^fe^*:DNA 
J; PCR^S ^ffi^.^TPRPPT^ Kh^>;^ya:^--tf (PRPP 

amidotransferase) §Zi — KT^^il^E^trfei) purFs :7° U > • ^) y V y ^ — 
(purine repressor) n — K f -SjiSfEiFT afe i)purRs :7° U > 5^ ^ F • :7 

■fT^y :^ U ^ — I? (purine nucleoside phosphorylase)^^ — K T jR^e-?'? ^ 
S deoDx it ^ - AMPi>>^ — -tr (sucdnyl-AMP synthase)^ =i — K T 

^ ififE^ T $) § purAs 7'^y^iy>'^'j^^-f' — If ( adenosine deaminase) ^ U 
— K -r S 31 {e ^ T' ^ adds > - T J > - — (inosine- 

guanosine kinase)5^zi— K-T^stfE^Tfe^gsk. G M P b ^— tf (GMP 
reductase)^ zi — K ^ jt^Ed^T" S guaC. 6 - :7 ;r X 7 ;r 13 >m.^ b K 
^ — -tf (6-phosphogluconate dehy drase) ^ZJ — Kf^^ft^E^T^^ edd^ y 
y :t Zi — y, ' ^ V — -tf (phophoglucose isomerase) § u — h"t" i> Mi^^ 
Tfe^pgiN T'^*— >• •7^7' ^ Hz (adenine deaminase)^ =J— KT?) 3® fs^T 
$)^yicP. PRPPi>>-fe^— tfCPRPP synthetase)^i3— K-r^?t<E^T-fe^ 
prss ^+>">hf>> • y :tyy :t ^) ^ — -tf (xanthosine phosphorylase)^ 13 — K 
^3tfE^T' ^xapAiJ J:t>*3? ^ 1^ ::t S> K • 5. T—H? (nucleoside permiase) 
>S:r3- K-r^51fE^T-fe§nupG>&^ D — :^>^'Us dtl f> CDjifs^^ ^tl^tL 
®@6^{3J^;1:T'^M^-1±^o >Z ©P^is^ffl r ^ ^fi#:DNA{d:E.colia*T' tl{^ ^' 

vMrYizmxr^^mtits purY^mmr^tzisbcD^mt. PRPPTs.Kh^ 
yyy :^^-'izcDy ^ — Y^'^^^^mm^m^^r^tz^^cD^m-^^^o pumzmx 
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iz # At- ^^mtit. gsk ^ mm-r^ tzisbcDmmx^^^o 

^mhi±. edd^^mntzisbcD^mx^^o pguzmxr ^^mhi±. pgi^m 

mr^tz^CD^mx^^o yicP{z#A-r^^S^{±s yic?^WM-r^fz^o:>^^ 
•^mW-r^tzig^(D^^X^^o xa-pAizmXT^^mtlts xapA^^gc^-r^Ttto® 

mmt:$>^o mpGizmx-r^^mtii. nupG^m^-r^tzitxD^m'c^^o 

31fE^{3^^^5£D^-&S{::{is (Kramer, W. and Frits, H.J., 

Methods in Enzymology, 154, 350(1987)). U 3 > If ^ > h PCR^ (PCR Technology, 
Stockton Press(1989)). itt^©^^®DNA<&'fb^'&fi5(,t- § ^ l^fi^^it^s^ 

}klz, PRPPr ^ K h v>;^7a^^— ■t'*i<j:i>*PRPPi/>-iz^— tfcD^-r 
-H^^->;/^fflS^i¥l^-r^;fe46®^^*5#A^n;^c purF^ X t>'prs § ^11^ DNA 

e5t3^(^^ti:^cPRPP:F^ K h ^ ^ ic^—- fe-jitfE^(purF) J;t>*P R P P 

s> > -fe ^ — tf^ifs^ ( prs ) -r s ^ -r § o JiJi±® ^-e^^t $ n 

^MJ^^DNA^tis ^-f- hVN'^y ^PlS^ifP^bfeP RP PT^ H h'y^y^y :r. 
^ - -fe'^fifs^ ( purF ) *5 ct t>" P R P P > -fe ^ - Hf it ( prs )^ ® W ffl 3tf5^ ^ 

V^Oo ^cDPf. a^«ffl3tfE^O%3Ei^^;j^e^{3^mrSfc lac,trp,tac,tr 
c , P L ^ © fiil CD «^ ^ ^ -e ^ t ^ r r D ^ - ^ - ffl I ^ T cfc V ^ o 

;^:j3s :iCI-?:V>^m;?.DNAi3{±. g^^ffl3tfE^>& h ^ ^ V* >(Berg,D.E. 
and Berg.CM., Bio/Technol., 1,417(1983)). Mu^T — v (^RfII¥2-109985)^ ^ 
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mm^n^o uj^m^{^mm^j^^^-r^y"px^ Kfi. m^um (permissive 

temperature) . m ^ SCC H jS: X' It W. M X' ^ ^ ^ ^ ^ M 

(non-permissive temperature) . '0^Jx.{^37''C~42°CT'{±^ti^T- ^^l^o 

mu^xy'yxs. \'^mm^'^rz^. m^-mui^xr'^xs. K^?ii/tpe>J3^^^ 
'\±tzK>-r^:iti)^x^^o ^kj^(DmMmxit. mnm.m^my''^:^^ k^lt. 

p}m997^^mi>tztK pMAN997{ipMAN031(J.Bacteriol., 162, 1 196(1985)) i:pUCl 9 

i^mmtm) (D^ti^nvspi-Eindum)^^mwm^tz^(Dx^^ (mi) » 

^/iffif5lMJ^X.v£(Experiments in Moleculai- Genetics, Cold Spring Habor 
Lab.(1972))>&fflV^T^fe^±®ii^^®3ifE^^t6^^rS'^b y° V > ^ ^ U :t 

;Ri*:e^]{3{i. m^i^±<Dy^)> ■ VrUyV-—mBl^ipurK)^mmLXFRFF 
K h ^ >y^7 3i^— tf?lfE^(purF)>g:$gi^i:rar U >^ ^ K^-^fife 

• 'J fe*jiiE^(deoD) ^^&J^bT. ^ >i> =t LN'^T y >© 

\i^'^V->^>:tD<ii-(f^T-y^(D^m^mmLtzo ^tz. V-^iy-Jl-AUP 
^yy^—^MB^ipurk)^m.mvx. T5=-'^>g*14§ft^ Lfeo ^?>{3. :P7^ 
y ^>> • ^T'^ :^--fe*?lfe^(add)?:^ife^UTT7'y i/>*^?>'f y i>>^®^f^ 
<S:jip{feiJLfeo ^ J i^y-^'T J • •fe'jtfET-(gsk)>&fiS^LT^ y iy> 

:tecfcI>'^''Ty v>*^e>IMPjo ctU^GMP-\©^J^*ffil$iJL;to GMP U ^^''^ ^ — if 31 
fE^(guaC)^«fe^LTGMPA^?>IMP-\®^f^^Jin$iJb;to Ts^ ^ ^ yW. 

K^--lz5ia^(edd)>&«fe^tT. MA^^iv Y i- h'p:? 

(Entner-DoudorofO^SST-'ftlit ^ tl ^ © <^ IW^IJ Lfeo :7^x:7;r zi—'X - ^ 
Vp< ^ — -b*3tfE^(pgi)^ife^bT^ ^*^^-*iMS&-t:<tllt^tia®^?p$iJb. ^ 
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^;^i^PRPPT^ K Y'yyy.y :^^—^mi^=¥-{^MTY)m)3W-mr^m(orzmz 

T,purL,pu^M,pu^K,pu^E,pu^C,pu^B,pu^H)^ IMP^t K D>f:^— t??t^E^(guaB)^ 
G M P ^> >-b ^ -H2?tfE^(guaA)^ P R P P i> >-fe ^— tfJtfE^(prs)^i:M-^ 
■y:TfiJffl-r§ ^ ctt^o ^Ol^^^ Cin^OWffl^t'fE^tia^PRPPT^ K h^>X 
:7nl^-^f^i^E^^(pu^F)^|5ID<. ^t^©^^#:±{c#:&UT*)s ^^y.KY'^ 

tX±cD;^iS-emff ^ti^purA AMPi>>^— tfitlE^) 

f^^purF (PRPPT^ K h ^ >;=^ 7 in^-HfitfE^) . *5 J:t>Vt T^cJiadd 

S>> • IfafE^) *5cfct>"/t;t(iguaC (GMP U^'^^-4f5t 

e^) *5J;t>VS:^ciiedd (6-7 >it^t K^-- tf?tfE^) 

:feJ:tF/^:^c(ipgi (7;i-;^:7:t^';b=3-;^ • Vt^ ifafs^) 
i^^VF/^fzltyic? {T=f-> ' y'T^-r-^imm,^) ^'J;t>'/^:^c{ixa 
pA (^-9-> h v> • 7;t;^7^ ^— tfiilE^) iScfctK/SfelinupG (p? 

PT-^ K h^>y^7:ii^— fe"31<E^(purF). ^^U/^fzm^mi'^m.vvs (PR 

p p '>>Hr ^-HzitfcT-) ^^mm^xmkxw^mm,m-^tifz^n^'>^^i^mi.. 
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milt. pmrncDmrn^^^To 
^^{hp)^xxf5' fflij ^ ® tea ^ ^^ -r o 

(bp)*5 <t t>-5' mt^ ^ ®teB^ ttn-To 



mmm i 

E. coli K12©W3110^(ATCC27325)©^fe#:DNA^^M^ UTfflV^. 5tfE^5=-"- 
^^^•>^ (GenBank Accession No.M26893) ©tSlgt-*-^#ftS^^n;ts CTCCTGC 
AGAACGAGGAAAAAGACGTATG (iB>?'J#-^ 1 ) ^iCTCAAGCTTTCATCCTTCGTTATGCATTTCG 
(iB?iJ#-^ 2 ) ©j^MB^U^^W-r ^29merh31iDer® iSS5^r^ ct ^PCR^ 

(94°C,30sec; SS-Clmin; 72°C,2inin; SOtf-f^Jl.; Gene Amp PGR System Model960 
O0\''-\yim-^m)) ^n^^. SD-ATGh^mi^±i3 K>^*^N---rSpurF^tit?l<E 
^MMcD|^1530bpOiiiii§»Tn-=&pCRTMII-^^^- ( Invitrogen^iti^) tz^D — > 
-fbbfeo 2^-^^^-{z{iPCR0i^JifliS»TM-^^®^*^D-->^*-r§Cl ^lA^T- 
^tz. ^u-:zyW4 h ©PS5£f#{c$iJ|5S^^it-r h h LTEcoRItl-'l' ht^ 
W^-t^o ^tz?Cmr^^^ — lZl±?stl^^ h ^HindIII+^-r htfi^Mtly''^' 

^D — >^b^n:^cl530bp®purF»T>t©5MlJJ>?P?)*^880bp®teH{cBglII-|^'i' h 
l^rpiffe^/b^ pCRTMII-^^^-^©^c7){C^BglII-t>--f' -irp/ffeS®-?:. r 

h'«:BglIIT'gf5^v^'fbL. T4 DNA 4< U ^ ^ — tf -?; ¥rt*<^^b T4 
DNA U -lfT-M^St;to ^>f-ri> 3 >rtT"E. coli HBlOl® > t:5^ > 

hr^fl@( competent cell)>S:Jf$M^m T^yfv'J >25/zg/ml^^tfLB( h U 7° 
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h> b^^:^ h^^ h 0.5%,NaCl 0.1%,^';i/=J-X 0.1%,pH7)S. 

KDNA^ililiLs C©4'*^^EcoRIM'^t:T-|^1550bpCD»TM-A^^#?>t^^ ^b^oBglllT 
^|s:^M-A^^^UiT^n^cl^r^>^ ^ KDNA(pCRTMIIpurF'#14)^3S^/iib^o ^^T*^^^ 
FDNA*5^-ri)PurF(iBgllI-y--r h tr I/— Ai^ 7 h D § 3 i: tC5& »5 ^ =3— K 
^ti^ilS{«tg=&Jt;^c^d:< t^^PJj^ti^ (132) o 

pCRTMIIpurF'#14^EcoRIviibb^ purF^^tf$^1.6Kb®»TM-^alli!iL5to 
3 ® irM- ^ rSJg^^TOM^B^ ( t sor i ) $ Wr ^ ffl Islim ^ ffl ^ ^ -T ^ S pMA 
N997 (la 1 fc^^ti^ J:^ pMAN031(J.Bacteriol., 162, 1196(1985))hpUCl 
9 C^MatltM) ©^n^tiVspI-HindIII»fM-^li^mx.fe^®) ©EcoRIif^ 
hCjfAb> r^X^ h'pMAN997purF'#14=^f#;feo r^:^^ FpMAN997purF' #14T 
E.coli miOU (m^m ^aO-C-effJMfej^b^ f#^n;t=JO^-®1tM*-5' 

C ti CDtg^ai*:* i> > o — ^ tL^ J: a {3 7- > f U >25/zg/nil * 

^tfLB^^rt-— hiz^^L. 42°C-?:^Wr^=3D ^t#:to ^^{34>o— J^s 

l^-htC^^L^ 30°C-e-B^tg*bfc^lC. LB?lSi$:t&t1fe (3ml/IS^m) tc^gll 
L. 42°CT-3~4BtFBl. ^i:otg«b;fco v > ^Vl/i^ DJi^-AHf ?> tiS cfc ^ 

{33i^{C#|R(10- = ~10-*^Jg)bs Vm^-TV—YXzm^X^. 42'•CT'-B^i§«t^ 

rUT^n^tl^LB^^ru- h }iT:y\l^y U >25//g/iiil^'3tfLB^5^7"U— h 

6.8g, KH2PO4 3g, NaCl 0.5g, NH4CI Ig, MgS04-7H20 0.5g, CaCl2-2H20 15mg, 
^T^>HC1 2iiig, ^';i/i3-7. 0.2g)C^W^t■r^ b:^"^1^->f-> 50mg/L?a 

fe<*;DNA*^?>PCR(C<i; D purF^^tf*"Jl.5kb»TM-<&ii'l'S^-ii:^ BglllT^JiT^n^U 
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2)-!t^^i/-;i'-AMPi>>^— l?JSfE?( purA ) ^ ^mcDmm 

miOmcDm^mM^mmtLXm^^^. mi^^^—^^^>^ (OenBank 
Accession No.J04199) ©'fi^t3^-::5 tftM^ tlfcs CTCGAGCTCATGGGTAACAACGTCGT 
CGTAC ilCTCGTCGACTTACGCGTCGAACGGGTCGCGC (ie^ij#^4) (D^M 

ie^!j^W-r^31merh31iner©if5JS§r-7'f T— tz J:i,PCRv£ (94°C,30sec; 55°C,lni 
in; 72°C,2min; 30f^^}\>; Gene Amp PGR System Model96G0(A°-^>iJl/7-^±ii)) ^ 

WT>t*puci8-<^^^- i-^mmnm) ©saciit-r hasaii-9--r h<z)PB^{;^D- 

>^nTV^ao ^ D — >'fb^tLfepurA|^M-®$lJl300bpCD5Ml!J*^?>l^j520bp^710 
bpOteg^z^n^nHpal j5J:I>'SnaBI +)->r h *U -rpif feS r-^;^ ^ F^Hpa 

i*Dctt>*snaBi-ev^'fbL. dna u*" 

— tfT'j^$SU;^co ^©^-r^-r v3>MTE.coli JM109®zi >b*^> h«<^B 

DNA(pUC18purA'#l)^iltFJLfco KDNA*s;^1-^purA{iHpa I *5 J;t>'Sna 

tj::ht^m^n^ (El 2) o 

pUC18purA'#l^SacI hSallvi-fbbs purA>&^tfl1]l. lKb®i0T>t^allM 

$)^pMAN997 (±3$) CDSacIt^^ h ^Sal 1 hCDPB^fllfAL. r^^^ KpMA 
N997purA'#l$:t#fco -T^;^^ h'pMAN997purA' SITF-Z-Sll* (purF") ^30°CXM 

A5^#fen^ct-5J3T>tri/ U >25x^g/ml^^tfLB*^n'— htcM^L^ 42°CT- 
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^W-r^=i D $:|#:tc ^ 5> tc ^) a — iSts 42°CT-^Wr§i^>^>'l^::iD -— ^. 

tzm^. hmm^m {2mi/m%m) izmmv. 42°ct-3~4b#Pb1. mtoi^mi^ 

l\im^y'\y-hlcm^L. 42°CT— Bfet§«L> =1 p - — >&f#;^c„ m3gb;t=in- 

— 0 4'*^^ ^ft:^{3 100=3 D-—<& \^^^ ^TyyLi:'^n^ti^Lm^y'\y—h 

(D^ u~->(D^ifiib\in-'^'^>^> 50mg/L»g/jNigittZ:£W-a-rx T^'-> 

50mg/L^Ao s ^bt^m izit^^-r^^ a->:^mnvtzo ^ ^izit:in(!^cD^m^ 
ti-y(Dm^mMt)^^?cmzjiy)p\irmiAiihmf^^mm>^'^. m^mim.^kh) 

m\0^(D^^mM^m^t{.Xm^K jKe^t^— ^^^^^ (E. coli Gene 
Bank) i3^3l^T rdeoDj ^^-7- K (3 UTt^m^^^?>tS#g{3S-:3V^T^^S!l^ 
CTCGTCGACGCGGGTCTGGAACTGTTCGAC (i2^!j#^5) ^ CTCGCATGCCCGTGCTTTAC 
CAAAGCGAATC (ifi3?'J#-^ 6 ) (D^mm^n^mt^SOmertSlmerCDmii^y^^-^ — 
IZX^VCK^ (94''C,30sec; SS^Clmin; 72°C,2min; 30fm; Gene Amp PGR 
System Model9600( A°-*yiH-^tM) ) §^fV^^ SD-ATGi: iilRi^±=] K > ^ 

(Invitrogen^li^) C^D-Xbbfco ^^'!7 ^ — iZlt^ D — ^'^ 4 h (DM 

jimizmmmm'^^ h tLXEconv'-( h-b^^^-r^o ^tzvcmy'y -^-izit 

Sal I -9- -Y h hSphI -t^--f' h:6i^ti^*i5=^if^ V^tiTV^^o ^ d- > jb^tifcde 
oDrrJt®|i^l350bp®5'fij*^^Si^680bp®<4gt::HpaI ■y-'T h 35p 1 >rpjf 

K^Hpal -ev^'fb mit^titzy'^ 7. 5, K h lOmerCDCla I U > * - ^ 
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DNA V-^'—'^zKjlt^^n^tzo ^lomm. Hpalit^ h {cClal-^-^ h i^m 
X^tltzo :i(D^-( 1^3 >m'CY.. coll HB10lCDr3>h:5^> hm^BMfeM 

-^:-r^ Clal T-^»f$tiSr^^ ^ KDNA(pCRTMIIdeoD'#16)§311Rb;^o 

KDNA;b5Wr?)deoD{iHpaI-9-'f hT^U— h/{)S^L^aci:{3:^D^ 13 

-\'^n^mmitmn'it:i^rzti:<rji^t.^m^ti^ (112) o 

pCRTMIIdeoD'#16<&EcoRI Y^'fbL^ deoD^^tf,^1.35KbfD»rM-*ilM L 

^pMAN997 (±3i!i) ©EcoRI -It-I' htzJfALs y^XS. H'pMAN997deoD' #16^#fco 
y^yX^ KpMAN997deoD'#16-eF-l-72« (purF") *5ctI>'FA-3m(purF-,purA-)^ 

so'c-^mmmmv. m^titz^n--(Dmm.m^zr>}:^iy u >25//g/mi^^tfLB 
=-—^m^mi'^^mK)ML. mmmi^K.izx^y^x5. \'±i^t^^^^mzmyi^ 

j^)L. im^yi^-hizm^i^. 42-cT-Bfetsftbs :jv=.-^mtz. tamL 

;t D - — CD ?> ^ft^ 100=J D - — ^ b° >;/ ^ :p «y r L T ^ tl^ tl *LB*^ 
rb - h U >25>wg/ml^^tfLBS^n.- h (3^W^-lt. LBIi^ru 

>^St4©^D->^-r y lg/L^»LBtgtt{3^W^-y:. Ctl5>©tS«r'g* 
MJl^P^ h^'^AJCj; ^3:^|/rUTs ^ v >>()^ t :t?^r-9- >^ > {C^llf UT V^^C 
V^^O — >>&31J;^b/io ^ ^{3{icn^®gS9^D — >CD^feMAA^?)PCR{3j: 
deoD^^tf . 35khm>i^mm ^ Cla I T-^ir^ tLi) A^Hpa I TtUWr^ tL^C 
l^Ch^5tlIb;to J':^±^vi^t-i)^ P — >=&deoD^^^*i: F-1-72^ (purF 
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- ) i5 ck t>*FA-3H*(purF- , purA' ) d&3fe® ® * ^ ti^ tLFD-6t$Ri5 J: mkd-Z5m t 

W3110^*®^fe#:DNA^^^h LTffll>s S^e^t-"— ^/^'>^ (E. coli Gene 
Bank) {Ci5V^T TpurRj § ^— y — K LTlt?^^ H § tf^EtC^-oUTi^i^^ 
tltz. CTCGTCGACGAAAGTAGAAGCGTCATCAG (i2?!j#-^7) iiCTCGCATGCTTAACGACGATA 
GTCGCGG ®^aiB^iJ>^;&^^29merh28mer©i^a^7°^ x' — J: 

§PCR'^ (94"'C,30sec; 55°C,lmin; 72°C,2niin; 30f^^]i; Gene Amp PGR System 
Model9600(M°-^>i)l'7-ttM)) *tf<.\ ATGhaiR^±=i H > *M*-1-§purR1« 
ot^fE^ M^*5 J: t>'ATG® 5' ±:^^^$^800bp * ^tf 1 . 8kb® Ji*i»Tit * pUCl 9-^ ^ 
^- (^SatttM) £DSalIt>-^ h i5 ct t>*Sph 1 1^-^ hCDP^tZ^ D->'ft:L;^io PC 
R^r^-r -x'-{3(iSal I t>-^ h^Sphlit-r h 7!)i^n^tL7^-^f -f >^ nTiJ t) . 
:lC7)+^-1' hi^^v—zziy^-izmm^ntzo ^D-><b^ti;fepurRW>V®l^l.8kb 
©5'flJJ;t)^^^810bp©iiLgJ3PmaCI -tf-r h (purR1tB3t<E^MT-©N*5^ief^) 
t^l ^pfi$)^(D-^y^^^ K^PmaCIT'V^'fbU^Co v^fb^ti/tr^^ 5. K ii8iner 
(DBglll U >:^ — ^^g-^tTT4 DNA U :^3— >5j^->^tTo fee dOilSms PmaCIif 
>r hlcBglllit^ h*^fPA^tL/to 3®^^':?'^ i/a >rtTE.coli JM109®=i> 

;Z(D^ifi^?m&CI-r:ltmm'^-r. WlX'VJm^tl^y^X^ KDNA(pUC19purr# 
2)^mnLfzo :^y^y^ KDNAyi)SWr^PurR{iPmaCI ■t^-'T hl:y U — Ai^y h 

2) o 

pUC19purR'#2^SacI i:SphI trv^'fbUs ^\irR^^tsm.Slh(Dmf^^m 

-efe^pMAN997 i±m ©Sac I it h^SphIt>-^ homz^XL. 7°^ ^5. Hp 
MAN997purR'#2^#/co 7°^^^ KpMAN997purR' #2T-FD-6^ (purF^deoD") 4b* J: 
t>'FAD-2515^ ( purF " , purA" , deoD " ) * SCC mmm^ f^^ti^t^/D-— cDlt^ 
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:^xoizm^iz^mno-'^io-'mmi^. im^y\y-hizm^L. 42''cx'-'m 

rtT^ti^-n^LBS^ru— h h:F>t:>> >; >25/zg/ml$^tfLB*^ 

cn?>®^fei*:DNA*^^PCRt3 t)purR^^tf$^1.8kb»fM-^Ji'!i^-&s 

— ><&purR^5fe^*i: b^ FD-6^ (purF-.deoD") ^3 J:t>*FAD-251*(purF-,purA-,de 
oD-)a*®-fe©^^tl^tLFDR-181**?ctI>'FADR-8^t L;^o ^Sii^^ puMmm^ 
titzmxit. PRPPT^ F ^frSt4*5pu^R#^fe^^{IJ:t-^Tt^ 
;^LTV^i)^ i:*^ deoDi5ci:t>'purR/{)5^$^UfcpurF^^^. purA. deoDiJ J; t>'pur 
Rt^^^Ltzpur¥^:^^mi^xmm^tltzo PRPPT^ K h^>^7i^— tfrS 
t4®i|iJ^{±L.J.Messenger^(J.Biol.Cheiii., 254, 3382(1979))®;5^S{Zt^oTfTo 

5))3Ji^f^S^PRPP:p^ K h^>y^-7 3i^— lf3i1'E?(purF)®f^ii 

DtrpCRTMII-^^^- (InvitrogenttM) {3^ D-Xb Lfc$D1530bp®purF^ 
i^aUfer^X^ HJ;^)PstI hHindIII-t:CDv^<b{3j;l9purFrrM-^iaoa:iLs ^ 

mmxmy^^i kpkfis (s?i5ti±M) ® x';L/5=-^5'D-^>yit^ hcDPstiit 

4 h tmndlll-^-( hCDmiznXLmL. ga^J®^ D->:&t#fc(pKFpurF)o 
G.Zhou ^ (J.Biol.Chera., 269, 6784(1994)) iC X^. PRPPT5.Kh^>>^:7ji^ — 
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-tf (PurF)©326j4cDLys(K)y?)^Gln(Q){Z^^Ufe*)®. ^ ^lz4miL(D?roi?)mrp 

(PurF)©326>fi®Lys(K)^Gln(Q){3. 410fi®Pro(P)^Trp(W){z^MT' ^ ct ^ 
ae^ai^^&fra tzlsblZi:XT(D-^mMAy°'5' ^ v- — *^tML. Site-directed 
Mutagenesis System Mutan-Super Express Km (SMiattM) ©^"P hi3— ;i/ 

K326Q'^Mffl r ^ ^ -x'- : 5' -GGGCTTCGTT CAG AACCGCTATGTTGG-3' (iB^'J#-^ 9 ) 
P410W'^Sfflr-^^-N'— : 5' -TATGGTATTGATATG TGG AGCGCCACGGAAC-3' (iB^'J^-^ 
1 0) 

pKFpurFKQ:^ J: t>'pKFpurFPWi: \.tzo ^ {3pKFpurFKQ{zP410W(410Pro^Trp)®^ 
P^[RlC^?*-e#ALs -O0^^^lBlBttJ^FO^^Mrv;^ ^ KpKFpurFKQPW 
^WmX^tzo ^^c*:pKFpurFKQ. pKFpurFPW. :feci:t>*pKFpurFKQPW«pKF18fe^(Dla 
cp/o {^^ h— ::^;r^D >®rp^— ^— ) ®T^{3^^M (JJMf^^) ©purF 
i^WX^n-Z^K>. 2^rD^-^-®^iET(-purF*s^ii-r?>o 

^/3^tL?>©r^x^ h'TE.coli mm^mm.'^^x.tzm.m.xii^^umw-m'k 
■^mT^i^m\.fz'm:imi^^m^. %mmm^m^m^\.fzo cm?,®PRpp 

7-^Kh^>^7x ^ - -tf rS +4 *J ct I>'AMP^GMP{3 J: ^ Pl^So^iJ^^ 
L.J.Messengere)(J.Biol.Chem., 254, 3382(1979))CD;^S{3tieo T^to ;feo 
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PRPPT^ K h^>>^7 H2r£t4:fccfcl>*AMP-^GMP(Cj;^PIS 

(//mole/min/mg) 

^ L lOmM AMP lOmM GMP 

0.001 

0-68 0.48 0.10 

0.34 0.32 0.33 

0.18 0.16 0.17 



4)'CifmLrz FDR- 18^ ( purF " , deoD " , purR" ) ^ X mm-m. ( purF " , pur A" , deoD 
- , purR- ) {ZpKFpurFKQ^^ J: t>-pKFpurFKQPW>& # A b tzmmmmi^^i'^m. t ^ C ti 

mmmm. 





40 g/L ir^mm) 


(NH4)2S04 


16 g/L 


KH2PO4 


1 g/L 


MgS04-7H20 


1 g/L 


FeS04 -71120 


0.01 g/L 


MnS04-4H20 


0.01 g/L 




2 g/L 


CaCOa 


30 g/L (giJ^M) 



JM109 

JM109 pKFpurF 

JM109 pKFpurFKQ 

JM109 pKFpurFKQPW 
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2. 

37°C. 20ml/500ml^SP7^X:3 

3. ^t/f7^v£ 

tS«rt500/zl*;gBt6^i3it>r'; >^'L. 15,O0OrpmT\ 5^P^3s^CnL. ^cd± 

: Asahipak GS-220 (7.6iiimIDx500imnL) 
m'mWi : 0.2M NaH2P04(pH3.98) U >^{3TpHP^ 

: l.Sml/min 
t^m : UV254nE 



(min) 



16.40 



t;J^*^it>^> 19.27 



20.94 



23.55 



24.92 



26.75 
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^yi^Xmg/L) ^T^y S^Xmg/L) 

W3110 - trace 0 

FDR- 18 pKFpurFKQ 115 0 

FDR- 18 pKFpurFKQPW 110 0 

FADR-8 pKFpurFKQ 66 0 

FADR-8 pKFpurFKQPW 62 0 



mmm2 

W311O^®^fe#:DNA^0Mi: Ltffll^. m'k^^-^ (E. coli Gene 

Bank) {C^5V^T Taddj =Jr- -7 — K {:! L Tt^^^ tl^ mfSt^S-tJ V^T ftM^ n 
fcs CTCGTCGACGGCTGGATGCCTTACGCATC 1 1 ) h CTCGCATGCAGTCAGCACGGT 

ATATCGTG (ia^!j#-^ 1 2) ®j^^i2^ij^;g-r ^29merh29mer<7)n5J|gr^ ^— tc 
ct^PCRS (94°C,30sec; 55°C,lmin; 72''C,2min; 30M^)1/; Gene Amp PGR System 
Model 9600(M°-m)l/7-ttM)) ^ffV\ ATGtS|R,1^jJ:n K ><^:tj;\"--r :5,addm 
3t3tfE^TlM*5<tt>'ATG(D5' ±^^Lfe'!6m20bp*5J:t>*i3IR^±n K >®T^^^Jfi^J370b 
P*#tf^l.8kb®iiilii^jt^pUC19-^^^- ©Sall-y-^f h^Sph 

I1f-r h©P^{3^D->'fbb/io PCRfflr^-r-7-{3{iSalI-t?--f h^Sphlit-r 

--><b^tL7feadd^^®$^1.8kb®5MiJ*^^i^880bp®f4g{cStuI it-Y h>bs 1 .irp/f 
fea©trr^:;^^ K<feStuIT'v^'fbLfeo vi-fb^tife^^;^ ^ K h8mer®BglII 'J 
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>±i-t^m.^Ls T4 dW) i^'—'\zKj;K^^n^tzo Stulit-f htzBgll 

1-9- h-b^$X^titzo ZCO^-f iy3>mX'E.coli JM109©n > b'^ > h 

tuIX-itWrn^ti-fs mn-XrWm^n^y'yT.^ FDNA(pUC19add'#l)^iliRL 
/io KDNA*^^-r§add{±StuI 1t-r h T 7 A ^> 7 h D CI ^ 

3- F^ti^^S{«t6^J$;^c^<'^^^^^PiJ^tl^ (112) o 
pUC19add'#l^SacI i^Sphm-mbs add^-^tfJ^^l.SKbCD^M-^Hli!^ 

fe:&pMAN997 (mi) CDSacI i:SphI1t-r h®PB^{z}fAL^ "T^^^^ KpMAN997ad 
d'#l^f#;to r^;:^^ KpMAN997add' # 1 T'FDR-18|* (purF-,deoD-,purr) ^J:. 

( pu rF - , purA" , deoD - , purR" )^30°CT-JfJM^l!^Us f#?)ti;t3P-- 
©^M^T>t:i/'J >25//g/ml^^tfLB^^ru— h{C^:?i5b. 30°CT— B^fetg 

mvtzo mz:in^ (Di^mmi^^ ^> > =3 d n — :t)Sf# ^, n § ^ tc > t- u 

JS. 42°CT"^WrS:>'>^*>'b=3n--^t#;i,t#f>^^ftt)igL. mm 

>*^r^x^ \'^mmnmfpizi^tztj:\,\;Lt^m%tLtzo mzz(D^n—>(DU 
mm^um^y°\y—hizm^\.. so'c-^—mt^mi.tzmi^. imm^m. (ami/ 

/77^.y rbT^n^ti^LB^^ru-- h ^7^>fi> u >25//g/mi^^ 
tfLB^^^ri^- htz^W^-a-s LB^^ru- h(c(7)^«EW-r^T>h-^>u >ag 

+4(7)^7 D->^jilA//fo ^^CT>b->>'J >^^t4cD^o->^T7=-Vi/>1.5g 

r 7=-V i> >*^^ y V > ti^ife LT O - > ^MIR Ufco ^e>{CCtl^5CDg 

ft^^D->©^fef*:DNAA^^PCR{c J; (3 addli^l.SkbKit^ii'li^ -y-, Bglll-e^rr 
^n^mt\ilX'Vm^ti^j:^-^:Lh^mm.Ltzo :itiib(D^a — >:^add^^mt 
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U> FDR-181* (purF-,deoD-,purR-) *5 J:t>'FADR-81*(purF-,purA-,deoD",purr). 
m^(D^(D^^ n^nFDRadd-18-m*5 J;I>'FADRadd-8-31* ti^tzo 

2 mBi'^Mpurf y^XS, K # A^© r U > ^ 1^ i> F ^Mmmm 

LfcFDRadd-18-m (purF-,deoD-,purR-,add-) J;OTADRadd-8-3» 
( purF' , purA" , deoD" , purR" , add" ) fzpKFpurFKQiJ J: I>*pKFpurFKQPW$: ^ A t tzMW 

miki^^i'^ML. ^ti^cDmcoyv >^ ^ u^i^ \i^mm^m-mLtzo fa 

DRadd-8-3tt{3ov^T«g;^^pu^Fr^:?^ ^ K (pKFpurF){l J; ^JF$M^j^<*:feY'^M 
L^ pKFpurFKQ{3 X i>BMKI^i**5 J: t>*pKFpurFKQPW{3 cfc -5 ff^KlSJ^^^^i: J:bl«i¥fiffi 

— > 5mg/L A^^^in ^ tiX I ^ i> o 

rFKQiJ J; r>*purFKQPW®^ij^ tm.& i^tltzo 









(mg/L) 


wm 

y f^Xmg/L) 


W3110 




trace 




0 


FDRadd-18-1 


pKFpurFKQ 


220 




0 


FDRadd-18-1 


pKFpurFKQPW 


215 




0 


FADRadd-8-3 


pKFpurFKQ 


1080 




0 


FADRadd-8-3 


pKFpurFKQPW 


1030 




0 


FADRadd-8-3 


pKFpurF 


805 




0 



mmm3 



wo 99/03988 



PCT/JP98/03239 



- 27 - 

^iz^ff LfepurFrrM- (ltJl.6kb) J: !9 ^ {^3' ffi'J^3J[itJ0.5kbfil^pu^F^ 

n^mn\.tzo mmm(Dm^mM^mmtvxm\^^. jHe^^'-^m-v^^ (e. 

coli Gene Bank) ©ti^gtC^-Dt. CTCCTGCAGAACGAGGAAAAAGACGTATG (m^m^ 1) 
^CTCAAGCTTGTCTGATTTATCACATCATC (ia>?ij#-^ 1 3) £D^*iH^!j<S:*1-^29mer^ 
ZQmrcomi^y^^'^—iz^^FCRW. (94°C,30sec; 55°C,lmin; 72°C,2min; SOtf-f 
Gene Amp PGR System Model 9600(;r-^>iH-ttS^)) *tfV^. SD-ATGhffllR-l^^ 
ihn h'>=&*M---rspurF^^tjie^tW=&^tf?^^2.1kb®tiilisWTM-^pCRTMII-< 
(Invitrogentti^) f^^o — ><bt:^Co Cl©^ p — >®m#-r-2):7°^X ^ 
K^pCRTMIlpurFLh-rSo pCRTMIIpurFKcfi^ n — - >^-ti--l' hCDM^mizmm 

mmir^ h i: uTEcoRi-!t>r hA^#ffii-?,o ^fePCRfflr^-r-^— t3{±pstit>-^ 

^^{ZpCRTMIIpurFL^SnaB I hHindIIIT-v^<b purF®3i— 7^-'f>yMM® 

ii%x<oym.cDm.e5\ihcDm>^^mt:i. zcDmf^^mmm i o5)T"f#fepKFpurFKQ 

*5 ct t>'pKFpurFKQPWcZ)SnaB I -t>- ^ h i: Hind 1 1 1 +^ >r h i: O Pb^ Ic If A L . pKFpurFLKQ 
*5 t>-pKFpurFLKQPW* L ;^Co 

^^{3. pKFpurFLKQ*5ctt>*pKFpurFLKQPW^EcoRI ^Hindllir-vi'fbLs purFLKQ*5 
^ l>'purFLKQPW>^^tf ^2. IKbOif ^MM Vtco ^com)n^ SJ^^St^^SM^fiiM 
(tsori)^*1-^1S|pjMmx.ffl-^^^--rfe?)pMAN997 (±M) ©EcoRIlt^ 
Hindlll-t?-^ bi:©P^{C#Abs ^ti^tir^:^ ^ KpMAN997purFLKQ*5 J:U"pMAN9 
97purFLKQPW^f#/zo 

r^X^ KpMAN997purFLKQ*Dctl>'pMAN997purFLKQPWT"^n^nFDRadd-18-m 
(purF' , deoD" , purR" , add" ) ^ X t>TADRadd-8-3f^(purF" , purA' , deoD" , purR", ad 
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^j:\^^zt^m%iLtzo mz:i(D^u->(DW.mm^im^y°i--hizm^L. 30 

mtot^mLtz. :iti*^>>^*;u:=JD--*sf#^ti^ {::ja^{c#|R(lO-'-l 
0-'n&)L. imxr\y- hlzm^L. 42°CT-B^l§«bs ziD--^f#fco iJtJ 
m.VtzZin-—o:,fp-b^i^mi'^^lzmz2i:3- — :^\^^^^T^^ r LT^n^n^LB 

f> 'J V.^^ttcD^D-XDff*^?*^ FDRadd-18-m (purF-,deoD-,purR-,add-) 
(Dm^lz (ig /jNtgit t ^ W L > FADRadd-8-3;^ ( purF" , purA- , deoD" , purR" , add" ) 
(Dm^lzl±l-\i:7.^i^> mmg/L:^XU-r9'-> 50nlg/L^t^□^/J^ig^ife^c^Wt- 

^ ^lzi^zn^(DEffO^ n — >cD^fe^*:DNA*^e>PCRtz J; t)purF^^tf$^1.5kb 

mtn^mm^-^. ^mmi^x.mmzx^^mmxmpnmm(DmMMm^m^n{.tz 

K326Q(326Lys^Gln)0^^, *5 J:t>'K326Q(326Lys-^Gln)+P410W(410Pro-> 

Trp)cD^^ ^ ^ ti^nm^-^ :i t tmm^tifzo 

FDRadd-18-11* (purF~,deoD",purR",add~) fi^fe© ® ^FDRadd-18-1 : :KQ^* 
(purFKQ,deoD-,purR-,add-) :te=l;OTDRadd-18-l : :KQPW1* (purFKQPW,deoD-,pur 
R~,add-) tl.. FADRadd-8-3^(purF~,purA",deoD-,purR-,add")lS5l5®sfe)®%FA 
DRadd-8-3 : : KQ^* ( purFKQ, purA" , deoD" , purR" , add" ):fe J; t>TADRadd-8-3 : : KQPWtt 
(purFKQPW,purA",deoD",purR",add")^^^ i^tzo 

2)T'f^i^LfeFDRadd-18-l::KQa (purFKQ,deoD-,purR-,add-) . FDRadd-18-1: 
:KQPW1* (purFKQPW,deoD",purR-,add-) . FADRadd-8-3: :KQ;^(purFKQ,purA-,deo 
D" , purR- , add" ) iSo J; t>"FADRadd-8-3 : :KQPW1* ( purFKQPW, purA' , deoD" , purR" .add ) 
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4(z^si-o w3iio« m^m tcib 



-r y i>>(iiig/L) ^i^ry ->>(ing/L) 



W3110 
FDRadd-18-l::KQ 
FDRadd-18-l::KQPW 
FADRadd-8-3::KQ 
FADRadd-8-3::KQPW 



trace 
110 
105 
635 
620 



0 
0 
0 
0 
0 



W3110<*®^fe#:DNA*|$Si h LTffl jt fi^ ^ > ^ ( GenBank 
Accession NO.D00798) CDtf^tC*^^. CTCGAGCTCATGAAATTTCCCGG (iB?iJ#^14) 
aiCTCGGATCCGGTACCATGCTG (iS^'J^-^lS) cD^^i2^!j<&^-r ^23jner^21mer£DiiEi 
iss^^^ — tz J;?)PCRS (94°C,30sec; 55°C,lmin; 72°C,2min; Zmi^W; Gene 
Amp PGR System Model 9600 ( A" -^ViJl/T-ttM)) *^fl^. ATGh®f^,l^±::i K>** 
/^"-■r -gjgsk^itiHS^^IM^^if^^l . 5kb®iiiliiiTM- ^pUC18-K ^ ^ - 
^±M) ©Sac I it >r hhBamHI-9--r h CDPs^tz ^ D->>fb Lfco PCRffl x'— 
{±SacI-9-^ H ^BamHI it-Y h /b^^ti^tL^^-tf >^tiTVN:2>o 

^ P - ><b ^ ti;fegskiTM-CD^l . 5kb05' mt^ ^ $^830bp®fig{zBgl ^ Yt^ 

e^GenBlock ( BajnH I vf^^fb^l^^ l7)\rj7)V ^tmtm:) <&#AT ^ gfitlTT4 DNA U 
iJ—^ELJ^s-^'i^jr^fzo ClO^-r^'-r i>3 >MTE.coli JM109O3 > > b « 
<&?T^MSJ^L. :^:tv^ v >50yUg/ml ^^tfLB§3^rix- h tz^WT 

f*:*f#;to ^^u-ymmmmj^i^i^r^T.^ kdna^p^l. c®rf»7b-^Bgii 
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ITltWm^n-Ts EcoRI ^Sal I T'©v^'ft:TI^]2.8kbCDirM-*^'^t) m^n^r^ 
KDNA(pUC18gsk'#2)%M*i^bfeo :^y°^X^ KDNA^b^^T ^gsktiBglll-f-^ 

^t^m^ti^ (02) o 

pUC18gsk'#2?|:SacI. Sph I *>ctt>'Dra I Tv^^fb gsktwrni^"?-^^ 

^^^-T$)i)pMAN997 (±5z!i) ©Saclit^ htSphlV-^ h tCDmizmXi^. 
y'^X^ h*pMAN997gsk'#2<&f§fco r-^;:^^ h'pMAN997gsk' #2TFDR-18;|* (purF", 
deoD" , purR" ) ^ X t>TADRadd-8-31^(purF" , purA" , deoD" , purR" , add" ) ^30°CT?f^ 
Mfei^Us m^titz:Jn-—(DW.^m^T>\^i^ 'J >25//g/ml<^^tfLBS^ru 
— hCi^^Us 30'"CT'-B$&tg«b;to i^{ccn?.cDtg«g#:§>'>/7';uzrn 

hm^y]y— hizm^i.. 42°ct'— B^&^g«b^ =id-— <&tf;to tami^tz-o u =. 

— ®4':?)^e)Mft:^{3l00ii Dzn— ^ tT'y ^T^y rbT^tl^tl^LBS3^^l/— 

LB^^rb— h C3^W^-y:> y^yt-'v U >25A^g/ml^^tfLBS^rb— h 

i/>20//g/inl^^ifLBS^ri/— h (zfi^Wf^ ^ n-><& 

tfir/t^ifilii^-frs :$:3}5©$^1.5kbmM-T"(±^^<Kiii''?lfE^*^4fJ^^2.8kb»T>t*^ 
^^ll^i^nTV^^^ i:^Sts^.bfco ^rzZti^(D^ D — >X'it. -fy^>>-^*7'y 
• tfr£^4*^t^m^tl^d:v^ci:%^^|^bfco -i ^ i^y-^^'T ^ - ^ 

^— lfrSt4{iaffl^(Biochim. Biophys. Acta., 1341, 200-206(1997) )®7^?Sic 
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tA^oT^Tofeo :in^(D^a — >^gsk^^mt{^. FDR-181* (purF-,deoD-,pur 
R' ) *j ct I>TADRadd-8-3l5fc ( purF" , purA" , deoD' , purR" , add " ) 3}5 ^ © ^ ^ n ^ 
tlFDRG- 18-13:1* jo X t>'FADRaddG-8-31* ti^tco 



zmmi'^mpurYr^T.s^ vmx^cDru yy-^v-^i^ Y^mtmrn 

L ;tFDRG-18-13^* (purF" , deoD" , purR" , gsk" ) i5 J; r>'FADRaddG-8-3^* 
(purF" , purA" , deoD" , purR" , add" , gsk" ) t pKFpurFKQi, J: tJpKFpurFKQPW^ #A L> 
y°V>:^^]y:^iy}'^mm^Wm-r^lz;btzb. y'^'X^ KpKFpurFKQjoJ:r>'pKF 
V\irmQ?m±mmm^-^ — ±i-mi-:^l'mm^m'Bl^nb^. ?g3LFDRG-18-13;|**? J; 
I>TADRaddG-8-3tt^)^;t:;?J::>--x'-r ^>>i^S^t4h:feoTV^^©T\ mwmi^i^^m^ 
(Dtmrn-C^^ o ^:iX'y^X^ KpKFpufFKQ*? ^ mUp\irYKQ?yi(DmMmiR^ — 

ij-mB^(D^m^T>\^iy^) >iratt4jt<s?^*#opuci8-^^^- c^mmtm) 

h CDiiLmmim^± < Isl pKFpurFKQ*5ctWFpurFKQPW*^ ^Pst I ^Hindl 

IITpurFKQ*5J;t;^purFKQPW»TM-^tZJ!3mUs :i ti^ ^pUC18<DPst I It-r h ^Hind 
Ill-tf^ h®P^(3*iAbs pUCpurFKQ:feJ;t>*pUCpurFKQPW*fti^b/to ^iti^-XTm 
±FDRG- 18-1 31**5 J: t>-FADRaddG-8-31*>&BHfe$^Ls mx.<*:® r U > ? ^ 
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r U > ^ ^ b ;t ^> K^Mt^M 



W3110 - trace 0 

FDRG-18-13 pUCpurFKQ 105 139 

FDRG-18-13 pUCpurFKQPW 108 93 

FADRaddG-8-3 pUCpurFKQ 126 52 

FADRaddG-8-3 pUCpurFKQPW 222 49 



y^X^ KpMAN997purFLKQi5ctt>'pMAN997purFLKQPWT-^n^tLFDRG-18-3;^ (p 
urF' , deoD" , purR" , gsk" ) J; t>*FADRaddG-8-3^*( purF" , pur A" , deoD" , purR^ , add" , 
gsk-)^30°CT'?F^M$Sj^L. f# tife 3 d - — cDltM^ T > b^i- U >25/zg/iiil 

^^tsim^yu-hizm^L. 3o°ct— iffe±§«L/ro mzzti^cDt^mmi^^ 

->>^'Jlziu-—bm^n^^olZT>\^iy U >25//g/ml§^tfLB^^rL/— h 
izm^l^s 42°CT-^Wt-S=iD--^f#;to ^ ^iz^^—&. 42''C-tr^W-r^ V 

mzmjh^ntz^r3 — y:^MU\^rzo ^^u — i^t^y^T.^ K^mMr^tftcJ^ 

30°CT--Bfet§«b;^cft{::> LB?t<*:tSm (3inl/^^^) {cg^^bs 42°CT'3-4B# 

^hotg«b7^o :in<&i^>^*;n3Dr:— 7{)Sf#?,n^ J:alCJi^^3#f^(lo- 
'~lO"'^Jg)ts um^-yxy—v^zm^x.. ^z^c-rt-m^mx.. ■nxi---^\^f~, 
m3E p -— ® 4^*^ ^*ffft^{3ioo=i n - — b* «y <:7 T r UT^n^-ti<&L 

Blg^^ri/— h hT> fi/ U >25;Wg/ml^^tfLBS^n/— h IC^W^U. LB« 

t:f> U >^Si4®^D->©4^:?)^p>, FDRG-18-13» (purF-,deoD-,purR-,gsk-) 
® JC {i g /J^ tgtife (3 5fe W L . FADRaddG-8-3^ ( purF " , purA" , deoD ' , purR " , add " , 
gsk-)©J^^fzaL-by^5^v> 100iDg/L*>=tt>"T5=-'-> 50ing/L»^/ht§illlt::^t 
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mi^ti^^^ K326Q(326Lys^Gln)©^^s *5 J;r>'K326Q(326Lys-^Gln)+P410W(41 
OP ro-^Trp )(D^m^^ti^tim^'D ;l btmU^titzo 

FDRG-18-131* (purF",deoD",purR",gsk") ©^FDRG-18-13: :KQ** (pu 

rFKQ,deoD",purR",gsk-) ci;t>'FDRG-18-13: :KQPW^ (purFKQPW,deoD",purR",gs 
k") tL. FADRaddG-8-3^(purF",purA",deoD",purR",add-,gsk')a*®*)CD=S:F 
ADRaddG-8-3 : :KQft(purFKQ, purA" , deoD' , purR" , add' , gsk" )i5 J; t>'FADRaddG-8-3 : 
:KQPW1*(purFKQPW,purA",deoD" ,purR" ,add",gsk- ) l^tzo 

FADRaddG-8-3 : : KQ^ ( purFKQ, purA' , deoD" , purR" , add" , gsk" )lzl±^ 7"^ ^— 

gi#3^) iz^ y^^y^h^miz^-^i^^xmrnrnm^ti. sk#^^lTs fe 

RM BP-5993^<t-¥^n;^o 

mi.tzo >7 ^ i/;t^> h^^mm(DM^mmn^m^m^mt^'^mz'^m:^'<& 
(i^jtei^'j 1 ^IrJut^^o purA"(T7-"->S5}<^4) (Dmrnz-Di^^xm^i^MizT 
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-ryi^Xmg/L) 


V ^>>(mg/L) 


W3110 


trace 


0 


FDRG-18-13::KQ 


150 


140 


FDRG-18-13::KQPW 


145 


125 


FADRaddG-8-3::KQ 


550 


135 


FADRaddG-8-3::KQPW 


530 


130 



mmm5 

^M<?«J 1 ®4)T-pUC19^^ ^— C^mmtWi) ©Sal I it ^ b^iSphlit-f h® 
mizmi..Skh(Dmrm)^tmm^nxi^^y'^:7.^ K(pUCpurR)<&f#feo dCDpUCp 
urR^SacI ^SphlT-vmbL. m^mpurR^^tsmi.SlhcDm^^mmLtio :i(D 

(±m CDSacIit-r hhSphlit-r h©FB^{c*$Ab. r^;^^ KpMAN997purR^ 
#/to ^^^^ KpMAN997purRTFADRadd-8-31* (purF",purA",deoD',purR',add') 

^sov^mwm^ m ^nrz:nu --(DW.mm t > t- i> »; >25>ag/mi ^^t? 

IpL^ 42°C-C^Wr^nD^->&f#/to ^?>{3sbd-)g. 42''CT"^Wr^^>>^ 

i^zt^mmi^tzo m^i^KD^n-ycD^WLm^um^yi^—hizm^L. 3g°c 

-(:~m.i^mi.tzmiz^ im^^m (3ml/|iJ:it^) l^^gflU. 42°CT'3~4(}tFp^. 
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A/?P^PCR(ZJ; i3purR*^1.8kb»Tjt&ti'l'i$-e-> PmaC I -e^»T^n^yt)5BglII-etO»T 
^tl^l^^D — >^jlfKb/to dtL^O^P — >^purrm'J§»i: FADadd-8- 
3-21^(purF",purA",deoD",add") h bi^o 

2 )j5^&^f^MpurF r ^ ^ H ^ r u > ^ b :t h' ^mtmm 

DTf^M L :tFADadd-8-3-2l5fe(purF-,purA" ,deoD~,add") (CpKFpurFKQ^ziA b 
FADRadd-8-3^*{cov^T *)pKFpurKQ{:iJ:^BM^j^#:^f1sS^t^ purR^^;:^© 

^ l/^tv- K^MtgOM/fS^^m? {z^fo FADadd (purRH^^M) {c 
ib^. FADRadd(purR-^)®;^*^ffijuJ&^ y v-XD^M^^^L^ purR^^O'^jj^A^ 



:r u > ^ ^ :t ^> Y^mt'mm 







r >J 






-ryi>>(mg/L) ^Tyi>>(mg/L) 


W3110 




trace 0 


FADRadd-8-3 


pKFpurFKQ 


1080 0 


FADadd-8-3-2 


pKFpurFKQ 


930 0 



1)^ y S/>-^-Ty • fe'3tfE^(gsk)^^^ifecDlimf# 

W3110^O^fe|*DNA4^§y h LT>ffil^. 31^5^ ^ > ^ ( GenBank 
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Accession No.D00798) (Dmmzm-^B. CTCGGTACCCTGTTGCGTTAAGCCATCCCAGA (IB 
nm^lS) hCTCGCATGCCAACGTACGGCATTAACCTA (IB^US-^l?) (Dmmm^^-t 
^3ZmertZ9mer(Dmmy'^^-^ — iz^:b?CKm (94°C,30sec; SS^Clmin; 72°C,2 
min; m^^; Gene Amp PGR System Model9600(n°-+>iH-tti^)) <&^f ATG^ 

MHR-«=' ]'>^ti^'^—T^gsm^Mi^^mm (ifi^jsoobp) ^^tsm^.okhcDm 

iliS»rM-$:pUC19^^^— i^mmnm) ©Kpnl-tl-^ h^SphI-9->l' hCDF^C^D 
^ D — > 'fb ^ tifegsk»TM-0$^3 . OkbcDS' fl!|}6^ ^ m900hp 1 1 030bp®j4fi {3 Aro5 1 

Hi-tt-r h^2^ms i640bp©<it®{3Bgiii-!t-r ht^^n^ni ^pif^^cDx-y^ 

K<&A^o51HIt:BglII-evi'^bb^ T4 DNA ^Jf U ^ ^— irT'^m^Sg'fb Ufe^s A 
roSlHI-BglllifM-^I^AbTs T4 DNA U fe'T^^ — fI!|®DNA®-fe;i/7 ^ 

^^mtzo 10^ o->©?fJM^I^f*:A^er^X ^ KDNA^fi^ML. CO^^A^^Aro 
51HI^feSl^{iBglIIT•^itO®T^nr. Kpnl ^Sph I T®vi'fbT-iii^2.3kb®®T>T->{)^tO 
Dm^^x^:^'^;^ ^ HDNA(pUC19gsk'#10)^®iRL/to KDNA*^W-r§ 
gsk(±Aro51HI-tt-f h hBglII-9--Y h ® PplT-M^titfE^FA^i^^^-r i. C ^ D > 3 

pUC19gsk'#10^KpnIi5ctt>*SphIT-vi<bL> gsk3t{E^>&^ifJ^^2.3Kb® 

^-X'$>^p}m997 ©Kpnl-t^-^ h^Sphli^^ h©P^{c}fAb. r 

"pX^ FpMAN997gsk'#10<&ftfeo r^:^^ KpMAN997gsk' #10T-FADRadd-8-3tt(pu 
rF- , purA" , deoD" , purR" , add" ) ^ 30°C XBM^^ bs ^^tifenn - —cdW-^M 
^■Fy\^iy U >25Aig/ml^^tfLB*^n/— htcMtPLs 30°C-e-B^t$« L :t o 

d tL 5) i> > D — ct o {3 > f i> U >2hjuLz/ 

ml^^tfLB^^rb— hflM^^bs 42°CT-^W1-^=iD--^f#fco 
-Jg. 42°C-f^WrSf>>^*;b^D--*f#i>^f^^^t3^gb. ffl|Bimx.{3j: 
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tg«ts rrp-— :&f#;to ltim.LtiZiu=.—(D^t^^mi'f^lzmz}uzi—:^}^ 

HfrSt4{iQffl^(Biochim. Biophys. Acta., 1341, 200-206 ( 1997) 

Ttfofeo :m^®^D->>l:frfe^cCgsk^^^i: b^ FADRadd-8-31*(purF",pur 

A" , deoD" , purR" , add" ) h ® ^FADRaddgsk^( purF " , purA' , deoD" , purR' , add 

",gsk")i:bfco 



2)GMP U lf3ifE^(guaC)^^«®mf# 

W311G^®^fe<*:DNA^^^i: UTfflV^s ?tfE^^'-^/^">^ (E. coli Gene 
Bank) CTCAAGCTTACGGCTCTGGTCCACGCCAG (iE^J#-^18) i:CTCC 

TGCAGCAGCGTTGGGAGATTACAGG (iB^iJ#-^19) cD^SlE^'J^^-r ^29merh29iner® 
My^-7'3-r v- — {z J;;g)PCR^S (94''C,30sec; 55°C,lmin; 72''C,2min; 30^t'^^')^; 
Gene Amp PGR System Model9600(;\°-^>i)l/7-^tM)) §^TV^s SD-ATGhfi^IRM 
ih=r K>^*^^'— -r^guaC1i3gjtfE^^IM®J^2.2kbcDJii|i@rr>t^pUC18^^^ — 
(SMjgttM) ©Hindlllit^ bhPstl-y-^ hOPsltz^ D-v-fb Lfco PCRfflr 

<:7D — >'fb^n;t2, 2kb(DguaCrrM-® 5' fflij ^ $U 1 . IkbcD^M Jc Bgll 1 1^ ^ Yi^ 

i^m^^cDx. wixwm^ik. u dna •^'*) ^^—-^x^m^^itLtimz. 

T4 DNA ^) i^—^zXm^^Ltzo ^ a VrttrE.coli JM109OI3 > t'^^ 
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cti*^^HindIIIhPstIT-$^]2.2kb®»TM-*^lf 7t)^oBglIlT":$:^M-*^t;0iT^ ti 

7&l^r^:;^=: KDNA(pUC18guaC'#l)^M^L;to KDNA^b^WT SguaCii 

m:LU<ts.^}L^m\^^^ (03) o 

^^(C. pUC18guaC'#l^HindIIIi:PstIT-vi<bL^ guaC^^tf|^2.2Kb£DiTM-^Bi 

T'fe?)pMAN997 (±j7lt) ©Hindll I+f-T h hPstlit^T h cDPe^tzJiA r^^^ h* 
pMAN997guaC'#l^f#;^o r-^^^ KpMAN997guaC' #lTrFADRadd-8-3tt(purF-,purA 
" , deoD" , purR" , add" )^ ct U^*FADRaddgsk1*(purF' , purA" , deoD" , purR' , add" ,gsk" ) 

$i>'>^*;i/=r D - — Ast#f,tL^cta {3T>t:i> U >25/zg/ml^^ti'LB^5^rb — 

^mz^mk^fitz^ u—>^M^\^tzo -j^^u—iyt^y'^T.i. Y^mumwL^i^ 

SO-C-e-BfetgftL^tf^Jc. \.mW.mm (Sml/IS^m) 42°CT3~4B^ 

'~10-*^SJ^)Ls LBS^ru- htcM^L. 42-CT— B$&±g«b, =3D--:^t#;to 
tBB L o - — ® ^ lOOu D - — ^ t: ^ T :/ L T ^ tt^n^L 

B^^ru— h hr>b-i- U >25/zg/ml^^tfLB*^ru— h Jc^W^lis LB^ 

D->CD^fe#:DNAA>^PCRtzJ; t)guaC^^tf^2.2kbiTn-^lii|S^-a:^ BglllTiJ) 
ri^n'^ci^d ii^Sit^Lfco Jil±=&-iiS-r^^n — >=g:guaC^^;|*^ FADRad 
d-8-345 X lfFADRaddgskS3^® ^ (D ^ ^ tL^tLFADRaddguaC;^(purF- .purA" , deoD" , 
purR" , add' , guaC" ) ^ J; t>TADRaddgskguaC^5fc ( purF " , purA" , deoD" , purR" , add" , gsk 
-,guaC-)J: L/io ^tz^f\.h(D^ u-y-^GMV U ^— tfrSI4*^ttttJ^ti^c 
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t^mmLtzo GM P U ^ --tfrSt4(D^SiJ^{±. B.B.Garber^(J. 
Bacleriol., 43, 105(1 980))®;^^^ {3 o T tiro feo 

2)T'f^i^ b :tFADRaddguaC^(purF" ,purA" ,deoD",purR', add", guaC" )^ cfcOTAD 
RaddgskguaC^ (purF" , purA" , deoD" , purR' , add" , gsk' ,guaC' ) iz pKFpurFKQ^ # A 

K^feMtfecDg^fBBJlg^*^ 8 {Z^To guaC^^^f S ^ h t J: 

7° 'j > :>? ^ h'^mt6i¥iB 

-ryi>>(ing/L) ^*Ty^>>(mg/L) 

FADRadd-8-3 pKFpurFKQ 1080 0 

FADRaddguaC pKFpurFKQ 670 20 

FADRaddgsk pKFpurFKQ 920 140 

FADRaddgskguaC pKFpurFKQ 750 180 



mmmi 

1)6 -7;t;^7;i-^'";i/3>^^b H^—- fe'jl'fE^(edd)^^1*©Slf# 

W31101*CD^fe#:DNA*MMi: LTffil^. jI^h^^'— ^^-^^^ (E. coli Gene 
Bank) (C:feV^T Teddj =g:=»r-y- K (3 UTt^^^tL^tS$g^3S-:3V^T^^i^^ tl 
tz. CTCGAATTCGGATATCTGGAAGAAGAGGG (K?iJ#^20) CTCAAGCTTGGAATAGTCCCTTC 
GGTAGC m^m^Zl) ®J^Sffi^'J<&W-r-i)29meri^29mer©iagi^r^-r -^-ic <fc^ 
PCRS (94''C,30sec; 55°C,liDin; 72°C,2inin; SOt^^Jl; Gene Amp PGR System Mod 
el9600(A°-^>m-tt^)) ATGhffllRII±rJ K>=£>b/\"-r§eddm3t« 



wo 99/03988 PCT/JP98/03239 

- 40 - 

IS^M^iD J;t>*ATG®5'±^^M*^810bp*5 J:t>'aEf^||ih=J K>®T^TO360bp^ 
^tsmZ.OkhCDmmmf^^^^O^^pCmil^'^ ^— (Invitrogen|±M) ic^o- 

T"ts tfc^ 0-- >^'-tt-r hcDmy&mizmmmv-^ h tLxEcouv-4 ht^ 

^^r^o *;fcPCRflar^^ x'-{c{iBamHI-9->f hiiHindlll-y-^ Vi^^fi^KJ" 

Obp®{ig{zStuI -tf-r h ^^2 ^f;f$)^®T-r^^ ^ KSStuI Tv^Yt:L;^co |i^]1.2 
SkbCStuI^M-^l^^bfe^^^— ffl!l®-b;i/7^-r^V ^-3 >$T4 DNA U ^tf — t" 
T^To/io :iCD^^ 1^3 >m-CE.coli HB101(D=3>t:5^> hiBIS^^K^J^ 
L. 7->t:i- U >25/zg/ml$^tfLB*^:7°ix- h{c^Wr^?f^H^j^^*:<&ff ;^Co 
10^D->©JBM«i*:/{p^r^X^ KDNA^il^L. 4^*^ Stu I t:{il.25 
kb(^»fM-*5tUD/£^nj5:V>r^7; ^ KDNA(pCRTMIIedd' bTto 
^ KDNAA^^-r^eddtirp^-^— ^J^^^tf^ >/l^M=i— 

pCRTMIIedd'#l^EcoRIT-v^'^bL^ eddcD— ^ ^ ^®3af^:g:^tf^1I1.75Kb 

ffl^^^— -efei)pMAN997 (±ie) OEcoRI-f-'Y htzliAL. r^;^^ KpMAN997e 
dd'# 1 §f#;feo ^ FpMAN997edd' # 1 TFADRadd-8-3^*(purF- .purA^deoD", 

purR- , add- ) ^ 30°CT'ff$Hfem L s f# tiTt D ® ^ 7^ > b' >- U >25 

tt^{C^#;t^l^3 ^>^fiSI?.L;t:o i^tCd® ^ D — >®^ti$jM^LB^^n^— h {I^ 
^L. 30°C-?r-li^fem«L;fef^{c. imm^it (3inl/^itm) {cJ^SL. 42°CT3 

j^(10-'~10-'fiJS)L. LBS^rb- h(z^;fiiL. 42°CT•-l!^6^S« np^- 
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tL^®BtKj^D — >® y^^mM-b^ ^ . 5t {3 L PGR 7" ^ — PCRic ct edd 

bT^S^ D — >^31tRLfeo cne>®^ P — >*edd^^^h FADRaddedd^?^ 
(purF' , purA" , deoD" , purR" , add" , edd" ) ^ L it o 

1 ) f^i^ b }t FADRaddeddtt( purF" , purA" , deoD" , purR" , add" , edd' ) {ZpKFpurFKQ 

mMmi hncX'$>^o MStgifelzr^->5mg/L5b^«^nTV^^o eddA^zi— K 
^(gluconate )^Ji> h±— • K K;i/:7 (Entner-Doudoroff )^lf§T" tVU t' >^ 



-r^i-Xmg/L) ^Tyi>>(mg/L) 



FADRadd-8-3 pKFpurFKQ 

FADRaddedd pKFpurFKQ // 

FADRadd-8-3 pKFpurFKQ ^)lzi>m 

FADRaddedd pKFpurFKQ // 



1080 
1340 
1050 
2600 



0 
0 
0 
0 
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mmms 

W3110^©^fe#:DNA§^^h LTfflV^. itfe^7=^— ^/N">^ (E. coli Gene 
Bank) ^Z:fcl^T Tpgij y — KlC bTttm^n^tf $g{3S■:3V^T^f i^^tl 

tz. CTCGTCGACTCCATTTTCAGCCTTGGCAC (i3^m^-22) ^ CTCGCATGCGTCGCATCAGGCAT 
CGGTTG (iH^!j#-^23) (Dmmm^m-r^29mert29meT(DmiMy^ 4 -^-IZX^ 
?Cm (94''C,30sec; 55°C,lmin; 72°C,2iiiin; SOt-f^Jl; Gene Amp PCR System Mod 
el9600(A''-^>i)R-ttM)) $:^fV^. ATGh«IR||ihi3 H >>^^M---r ^pgi;|t3g3t 
fE^^Jt<S:atr$^2.2kb©tii|g»TM-^pUC18-i^^— (^^@m±S^) ©Sal I it 
h^SphIt>-'l' hcomiz^u — y^tLtzo PCRfflr^^ ^-(zJiSalll?-^ N iiSph 

5'fiJ^^^$^]1170bphl660bp®feg{cBssHII-t^^ h tniulV^ h^^^tl^tll ^pjf 
$>^(Dry^X^ K^BssHIIiiMluITv^^bUfef^. T4 DNA ^U^^— lfT-¥ff 
^j^i^-ftlL/io BssHII-lt'l' h^iMluHt-r h ©P^©|^500bpO»Tit ^1^* L ^c^^ ^ 
— f|iJ©-fe;i/7^^>/-r S^a >%T4 DNA U Ir T'^f o feo d ® ^ ^If-f a > 
ytT'E.coli JM109©3>b-5^> h«^Jf$M^J^bs TV U >25>ag/ml<^^ 

KDNA$:ai$^b. 4";?)^ f>SalI ^SphlT^MIi-eJ^l.TkbcD^rM-A^^ D 
^tisr^::^^ KDNA(pUC18pgi' #1)^511/^ L/to KDNAA^Wf^pgili 
BssHII-9-^ hiiMluIit^ h©FB^T^^j?)S^C^:ii:iCJ5:t)s K ^ti-S^^fi 

nmintztiL<tj::ht^m^ti^ (1213)0 

pUC18pgi'#l§SalIhSphITri'fbb^ pgi^^tfl^l.7Kb®KM-^BiM L 

tzo :i(Dm)n^u^m^\^^m:mf^itsori)^^-r^mmm^^m^^^—X'$> 

^pMAN997 i±m) ©Sall-t^-^ h hSphlHt-T hCPa^icffALs r^;^^ KpMAN997 
pgi'# 1 ^ntzo y^T. X KpMAN997pgi' # 1 TFADRadd-8-31*(purF-,purA-,deoD-, 
purR" , add" )^ J; t>'FADRaddedd(purF " , purA' , deoD" , purR" , add" , edd" ) ^ SO^CT'B 
K^J^L. ^n^tim(^ntzZ2a-—CDW.Wi.m^T>\:^i^ U >25/^g/ml^^tfLB 
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--^n^mi'f^m^ML. ^isiisi^^CctDr^x^ K^^/{)^^fe<*:{c^fl3i* 

=1 D — © 4^ :^ {3 1 0 0 zi D ^ — t: ^ 7^ r b T ^ tL ^ tL ^ LBli ^ 

- > ©^fe^DNAy^)^ 5t b/i PCRr ^ ^ TPCRfz J: t) pgi^i^^&tiipi ^ 
ti'l6iT>T-y-^X*sK;^^©;^2.2kbT-{±^c<. ^^^©^l.TkbTr^S^ n — >^ 
51^U:to :in^®^n — >^pgi:^^:^^*h b^ FADRadd-8-3:fectt>'FADRacldeddfi 
3fe ® ^ CD ^ ^ tlFADRaddpg ( purF ~ , purA' , deoD" , purR" , add" , pg i " ) jo ct tN'F 
ADRaddeddpgi^5fe(purF" , purA" , deoD" , purR" , add" , edd" , pgi" ) h b o 

D-Ci^Ul^tz FADRaddpgi^ ( purF" , purA" , deoD" , purR' , add" , pgi " )43 J: t>TADRa 
ddeddpgi|^(purF" , purA" , deoD" , purR", add" , edd" , pgi" ) (cpKFpurFKQ^ # A b tz 

cfc ^3^ :in^r-ommmizT^zzy:^5mg/i'mui.rzt^mT'it^^-^mmizm< 
tji^tzCDr's -i-^ hJi^x h ^o.8%izmmLfzi^m^mi^tzi3K pgr© 

M1*T(i*:tgmT«^W3iJ^©liiih-l' y >'>5Em©f£T*Dctt>-^fi©ti7}^":3r-9- 



wo 99/03988 



PCT/JP98/03239 



- 44 



m. 1 0 



FADRadd-8-3 
FADRaddpgi 
FADRaddedd 
FADRaddeddpgi 



pKFpurFKQ 
pKFpurFKQ 
pKFpurFKQ 
pKFpurFKQ 



450 
2770 

780 
3080 



260 
100 
210 
120 



mmm9 

^M'^^^T — ^f^l^^ (E.coli Gene Bank) {c:j3V^T. Bacillus subtilisd&^fe 
(D7=r=-^y • 5=^^ 5. tf ^ffi|5lt4©JSV>0RF(open reading frame, UlatjlfE^) 

TyicPj §:ir— "7- K^CLT^^m^tl§ti^{3^■:3V^T^^M^n:^c. CTCCTGCAGC 
GACGTTTTCTTTTATGACA (iH^yS-^24) h CTCAAGCTTCGTAACTGGTGACTTTTGCC (iB^il# 
•^25) ®JgSiS^'J^*-r^29meri:29mer©P55^r^^ J:8PCR^ (94°C,30 

sec; 55°C,lmin; 72°C,2min; mm\ Gene Amp PGR System Model 9600 
"i-^m.)) <^^TV^. ATGii^f^^ihn K>$:t>7N'--r?)yicP^jt3tiE^Mii*5<:kI>' 
ATG® 5' ±^^^$^50bp:fc t>'SlRI^±=i h" > ©T^ti^*^40bp^ ^tf^l . 9kbiTM- ^ 
iiitSLfco PCRfflr^^^-{z{±PstI+>-^ hilHindlll-tt^ h *^^n^ti5=^if-f' 
>^tiTlA^o Cl®PCRmt)*PstI^HindIIITW»Tf^x pUClB-K^^- (^vi3t 
cDPstl-t^-^ hhHindllli^^ hcDP^iz^ D-y^fb L:feo ^ P->'fb^ ti:^c 
yicP»T>t©l^l.9kbO5MiJ*^e>l^540bpi:l^590bp©|ug(cHapI-9--r h i:EcoRV-|t 
h/b^^tl^tll ^Piffe^fDTr^;;^ ^ KSHapIiiEcoRVT-vi^bUfe^. Hapl-E 
coRV(D47bp$I^*U:^zDNA®-fe;by'^^^-r ><&T4 DNA U If T'tf o 
C©^-f ^-f ^>3>r^TE.coli JM109®=J >t.-7^> h«^ff$Ktei!feb. :p>t: 
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-e^»r^t^^^:V^r^7;^ FDNA(pUC18yicP' L:^co ^y'^^XS, KDNAA^W 

pUC18yicP'#l^PstIi;HindIIIT'f^'ft:L. yicPtl?it3te^^^tfl^l. 9Kb 

ffl^^^— -r-fe^pMAN997 {±m (DPstlV-^ h ^Hindl I lit^ hcDP^tC^Ab. 
7'^^ 5: KpMAN997yicP' # 1 ^mtco r^XK KpMAN997yicP' # 1 T'FADRaddedd(p 
urF - , purA" , deoD' , purR" , add' , edd" ) 30°C X' BW^t^ V. m '^titzzi n =.—(D 
ltM^T>t:iy U >25Aig/iiil^'atfLB*^:7-l/— hC^^L. 30°CT-— H^iS* 

Y^mmnm^izWfztii\^z}L^mu\.tzo mzz.(D^ u—iy(Dm.Wi 

f@^LB*3^-7-U- htz^^L. ^^"CH-m.f^mx.tzmz^ LBM#:i§i:ik (3ml/sS 
f#e>ni)cta (cii^iZ#jK(10-'~10-''^Jg)L. LBS^^ru-- htcM^L^ 42''C 

T-Bfetg#L. ■=iu=.—^ntzo \hM\^tzz2u-—(D^ti^^mv^^izmziu- 

LBS^ri^- hCC^W^-y:. LB*3^7*l/- h{CCD.5^^Wr^T>fi/'; >^^t4 
CD^D — >^^l^:^o Cin^©@a^^o->®^fe«:DNA;?)^e>^{::^Nt}^iPCRr-? 
^ v-TPCRt J; tiyicP^l^^titi^-l^^ mmm^V-^ X7t)5HapI^:?)V^(iEcoRV 

Per Nygaard (J. Bacteriol., 178, 846-853(1996))®:^Si3tA£o T^f o ;t o Z:tl?>£D^ 
D — >§yicP:^^:^^i: L> FADRaddeddyicP^(purF",purA",deoD',purR",add",ed 
d-,yicP-)i: Lf^o 
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^ ^ (cFADRaddeddy icP;{5fe(purF~ , purA' , deoD" , purR" , add" , edd" , y icP" ) tzpgi^ 
^^H-^Ltzo ^^te0'J8T'ftMLfepMAN997pgi'#l^ffl^.^T^ mmm 8 IZm L tz 
t mUoy^mX'. FADRaddeddy icPpgi1*(purF" , purA" , deoD" , purR" , add" , edd" , yi 

1 )45 ct t>*2 ) -ef^M L 7tFADRaddeddyicP15fc(purF- , pur A" , deoD" .purR" , add" , edd" , 
yicP" ct t/FADRaddeddyicPpgi^(purF" ,purA", deoD' ,purR",add~ ,edd" ,yicP" , 
pgi" ) {CpKFpurFKQ^^ai A b tzmnmmi^^i'^m Us Cltl ©ttCD^Wt^iJft ^ T 

h |3l C T- S MSi§t1fe {Z 7^ ^ - > >^ 0~ 50mg/L© $5 ffl T" -^jJQ L ±S«fe ^ i^ffl L 
^ti^i:i:*){c. T5=^->50mg/Lfcctt>'20mg/L^^iPET'-r ^ i>>:^^(3i5{t ^yi 
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m. 1 1 



T^-y (OD) ^Jiyy b7tfdr+?->^> 
(mg/L) (mg/L) (mg/L) 



FADRaddedd pKFpurFKQ 0 2.2 870 0 

50 3.2 650 0 

FADRaddeddyicP pKFpurFKQ 0 2.4 870 0 

50 6.8 1100 40 

FADRaddeddpgi pKFpurFKQ 5 2.2 1420 28 

20 3.4 1760 48 

FADRaddeddyicPpgi pKFpurFKQ 5 2.1 1380 7 

20 3.7 2350 19 



mmm i o 

1) PRPPv>-fe^ — Hz 3t1S^( prs )(7)^f# 
W3110^<D^fif*:DNA$i^M^ LTfflVN^ ^ ^n'> (E. coli Gene 

Bank) (Ommz^-^n. CTCGTCGACTGCCTAAGGATCTTCTCATGCCTGATATG (iE^»J#^2 
6) ^CTCGCATGCGCCGGGTTCGATTAGTGTTC (i2^iJ#-^27) ©mSiB^iJ^Wr ^38mer 
J:29mer®MSSr^-(' X'— {cJ::5,PCR& (94°C,30sec; 55°C,lniin; 72°C,2inin; 30 
Gene Amp PGR System Model 9600(A°-:lP>i)l/7-ttM)) ^^Tl^^ SD-ATGi:MIR 
i^±i3 h'>^:^7^^■-1-^p^saJ^5ife^^J^©$^lKb(7)^il|liifK-§pUC18^^^$7- 

{^?15t1±M) (r^D->^bb;feo PCRfflr^-r v-{z(iSalI -t^-^ h^SphJ-t^^f 
h*5^tl^n^-tf^ >^nTV^§o C©PCR^!^^SalIhSphITl2]»f^> pUC18'^ 
^^-OSal l -tl'-r hhSphlit^ h ©P^tz ^ D- >'fb L7^c(pUCprs)o 

2) flJJ^ft§^prscDf^i^ 
l)T:^o->'fbb:^c$^lkb©prs*^«2Lfe7°5::^ ^ KpUCprs J: <3 Sail ^Sphl 

TCDvi-fbtCctDprsirH-^IJJi^ttlLs ^^#Afflr^X^ HpKF19k (^?iit^±i^) 
® D — - >^-»t^ h®SalI1t-r h^Sphl-t^-f hcDFeltz^Abifib. g 

^tt]®^ □ — >^f#;t(pKFprs)o S. G. Bower (J. Biol. Chem. , 264, 10287(1989)) 
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{Cct !5s PRP P ^>>-fe^— tf(Prs){iAMP-^ADPC J: !3 7 — hV-^" >y ^ PIg:^g 
{t^ d i:*5^^l^^t^Tl^So S;fe^©128{4®Asp(D)<&Ala(A)iC^^Lfc^©ybs 
aS^6^M^t^tlTV^:?.hJiE-<^Tl^^o ^CT% P R P P >-b ^ -Hf (Prs)(751 
28{4®Asp(D) ^Ala(A)(I^gT' ^ S ct ^ ^(^ite^gj^^firo }t«){CiilT®^^DN 
Ay^^-Y ■x' — §f^i!t Ln Site-directed Mutagenesis System Mutan-Super Expres 
s Km (^mm±^) <Dru h=i-;b{zt^eoT^ pKFprs{z^{4#^a<]^^>^^A t 

D128A^Sffl v"- : 5' -GCGTGCAGAGCCACTATCAGC-3' (ia?i|S-^28) 

^p — >fif>nfeCi:;b5Stl;f>^tl/;o Cl®^^Mprs^J§-opKFprsDA3{)^^Sal 
Ii:SphIT"prs»T>t-^t:U»9mL> pUC18i:pSTV18 (SM3t^±M) ©Sall-t^-^- h i:Sph 

5fet3f^Mb;t:pUCprs*^^SalIhSphIT-prs»rM-^t0t3mL. pSTV18 (Sffijt^l^) 
cDSalI-9--f' h^Sphl+J-'f h ©P^{3^-y-^^x.:feo dti^CDpUCprsDA^pSTVprsDA^D 
^tN"pUCprsi:pSTVprs{i^n^tlpUC18i5ctt>'pSTV18^j*®lacp/o (^^ h— 

>©rD^ — cDT^{3^M^:feJ;t>*g^^^©prs*s#A^:h.T*5 t)s 

T-8B#p^tg«b;^z^t3a^*::&^i?), mmmm&im^mm.\.tzo cn?)®PRpp 

^> > -b — -ff rStS *5 ct t>* ADP {3 J: ^ PIS ® ^ ^ K . F . Jensen (Analytical 
Biochemistry, 98, 254-263(1979))CD;^S>&— glSBjf^ bTtf o }^Co T^t^t.SK^ 
bT[a-''P]ATP§Mfflbs S^&-tr^fi5o-r^[''P3AMP%iiJ^L?to 
1 2 izfr^i^fzo 
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m. 1 2 

P R P P > -b ^ — t: (Prs )tSt4 



SmMADP 



JM109 


pUC18 


zi > h D- 




2.9 


ND 


JM109 


pUCprs 






75.9 


ND 


JM109 


pUCprsDA 






80.8 


20.2 


JM109 


pSTVprs 






11.5 


ND 


JM109 


pSTVprsDA 


4^3 f— . 




10.6 


2.7 



HJE^^'J 9 CD3)-ef1^i^ L}tFADRaddeddyicPpgi1^^(purF~,purA',deoD",purR~,add', 
edd-,yicP-,pgi-)t3pKFpurFKQ^^A L:tJf^M^J^#^^^ ^{::prs^prsDA5te^ 
^*i<eLfepSTVprshpSTVprsDAT'^tL^tiBK$gJ^bs 2r^;^5. Ktti^S^®^ 

>^ ^ U'^ti/ h'^0tfe©MJ^m<&^ 1 3(z^N-ro ^^s^prsDA^r-^:;^ 



^1 3 







(mg/L) (mg/L) 


FADRaddeddyicPpgi 


pKFpurFKQ 


1600 


8 




pKFpurFKQ+pSTVprs 


1450 


3 




pKFpurFKQ+pSTVprsDA 


1815 


10 
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mmm 1 1 

?ifE^-T^ — ^^N'>^ (E.coli Gene Bank) ^::^l^T ^xapAj ^^—U—¥lZL 

x\^m^ti^mmi:i&^^-^xi'^m^tirz. 4 mm(Dr^ ^ -^—iz ^ across-over 

N-out : 5' -CGCGGATCCGCGACATAGCCGTTGTCGCC-3' 

N-in: 5' -CCCATCCACTAAACTTAAACATCGTGGCGTGAAATCAGG-3' (ia^!J#-^30) 
C-in: 5'-TGTTTAAGTTTAGTGGATGGGCATCAACCTTATTTGTGG-3' (iB^!j#-^31) 
C-out : 5' -CGCAAGCTTCAAACTCCGGGTTACGGGCG-3' (M^m^SZ) 
^-f. N-out(29mer)hN-in(39mer)^^ctt>*C-in(39mer)^C-out(29mer)®iiSjl!s8r 

■^-r-x'-tct t). yimo^(Dm^mM^mmhi.xm\^\ ^n^ti?cm (94°c, 

30sec; 55°C,lmin; 72°C,2min; SOf^; Gene Amp PGR System Mode 1 9600 (A°-^> 
m^^M-^LX. SJgN-outiiC-out^MiSr^^ ^-i: LTPCR*^Tl^s xapA^li 

izmm L tzMB^mfn^mm u o t ;^cN-out i: c-outopcR^ r ^ jiB 

amHI-9-^ h ilHindllHt-T h A^^tl^ti^if ^ V^tlTl^^o ^©PCRSI^^Bam 
HI hHindl I IT^»f^s ZCDm>^ tUmm^^W.m^}^{tsori ) ^ IS lelMm 
x.ffl^^^— T'^i)pMAN997 (±^1!) ^iajaRlt.MndUlXWmx^tzy'^ 7. ^ K i: 
©■^-r 'iT'^' i>3 ><&T4 DNA 'J fe*T-=ff o;to ClfD^ ^-T a >r^T-E.coli 
JM109cDn>b-^> hlfflJia^ff^M^l^bs T'Vfv' U >25>ag/ml^^tfLBS^r 

i^- hiz ^wr^mn^mi^^mtzo io^d— >®BKte^#::?pe>r^x^ fdn 

A^^i^L. CI®ctiA^e,BamHI J:HindIIIT-©v^^bT%1i^l.7kb©^U»TiTit*^^l:^^r 
^;:^^ h*DNA(pMAN997xapA'#l)^jliRbfco ^^^7.^ KDNAA^^I" ?)xapA{ia3t 
3if5^cD$^700bp7i)^^^f ^ d tx. rj- K^n^^l^{i^t6^l#;^c^ce < h 

^ipjj^n^ (03)0 

^ KpMAN997xapA'# 1 T-FADRaddeddyicPpgi1*(purF-,purA",deoD-,p 
urR",add",edd-,yicP-,pgi-)$:30''C-eff^MfeJ^b. ^n^nf#^n/ti3 n - — CD 
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m^im^y°\y-hizm^L. zo^c-^-mmmLtzm:!. imi^mm (smi/is 

m"^) i^mUi^. 42°C-e3~4BtPH^. mtommLtzo :Ln^iyyy)Vziu-—b^ 
T-Bfeig»U. *fffco msaUifeno --©4'*^^M^^:;fe{Cl003^r: 

LB^^ru— ^{z^w^■y:^ LBS^ri/- h{c£7)^^wt-?.T>t:i>'; >i^st4 
c-outcDPCRr^ ^ ^-trPCRtz J: \) x&vkm.m^m^^ ^ . mmm^^^^ xtmi.i 

kh(D^n — >^miRLtzo ^tl?>®^p — >:g:xapA^^^il U^ FADRaddeddyicP 
pgixapA^5fe(purF",purA",deoD",purR",add',edd~,yicP',pgi",xapA" ) t \>tzo CI 
©xapA^^^^T'tis ^-^y Yi^>(DmmmmizJ:^X. i^m^l:i^^>^>(D^ 

t^m%'S.-X:^tzo ^-y-y h > • 7 7 U ^— b°f£t4®^i"J^(iK. Hammer 
Jespersene>(Molec. Gen. Genet., 179, 341-348(1980))® ^St^t^^oT ffo /io 

1 )'?f'^M L :tFADRaddeddyicPpgixapA^(purF" , purA' , deoD" , purR" , add' , edd" , 
y i cP - , pgi - , xapA" ) Iz pKFpurFKQ ^mXLtz BW^i^i^ ^fl^^b. :in?>©^©r 

^xh^^ h^QMizmALtzi^m^mmLtzo 
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mi 4 



(days) -fyi^^ t^°^-t>->^> 







(mg/L) 


(mg/L) 


FADRaddeddyicPpgi pKFpurFKQ 


3 


4640 


146 




6 


1850 


1500 


FADRaddeddyicPpgixapA pKFpurFKQ 


3 


5870 


57 




6 


3810 


915 



mmm 1 2 

Dp? ^ hvi-^T"—- lf3tfE^(nupG)i^^tt©m?# 

W3110^®^fe^DNA<fe^^h UTffll^s ?lfE^5=^— (e. coli Gene 
Bank) (Drnmizm-D^^ CTCGAATTCATGGTGCCGAACCACCTTGATAAAC6 (ie^iJ#-^33) 
^CTCGTCGACATGCCGAAACCGGCGAATATAGCGAC (iB^!j#-^34) O^SIE^U^W-T S35m 
erh35mer®f5y^r^^ x'-{zJ;:?,PCRi* (94''C,30sec; 55°C,linin; 72°C,2inin; 
30t'f^)l/; Gene Amp PGR System Model 96 00(n°-mJl/7-14M)) ^^tV^. SD-ATGi:lffl 

mm±^ y^-fy ^^-T ^mpGmmMB'?mm(Dm2.7Ybm>^^mWiLtzo ?cm 

r^^-x'-liiiEcoRI -9-^ hhSalI-9-^ hifi^ti^tl^V-O^tlXi^^o ^(D 
mmmfn^^coRU SalI*3cJ:t>'AflIIT-ML;^Co Aflllit'l' h (iPCRJiitil@T>tftJ:c 
2^m^'0. $t)750bp. 820bp*5J:t>'1130bp©3»TM-7bs^fiJcT-?)o ^©fl^TAflll 
^if»f>T-®.|^j820bp^|^ < |^720bpi: 1130bp© 2 irK-SiniiK Ls pUClS-^^ ^$7- 

-OiefllJ; t) ^ K^HlMb. EcoRI^SalIT®^i!J»T»TM-*5$^1.9kbcD^ D- 

>(pUC18nupG'#l)>^31tRL/ro ^ ^ iCpUClSnupG' #l^EcoRI hSalltr^O!^ ^ 
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\:.^mi. 9kb© mint r^j^^ w.mm ;^(tsori)^wr§ffiiRi ^m^^^— 

-efe-2)pMAN997 (±3^) ^EcoRI ^SallT^ir tfcr-^;^ ^ K h©^ ^ ^> 3 > 
$T4 DNA U Ttj — -fe'TfToi^co d®^ Y^-Y >'3 >MTE.coli JM109cD:3>k:^ 

4'>b^?>EcoRIhSalIT"©MTl^l.9kb®t;!3iTrrM-A5^C^r^X ^ KDNA(pMAN99 

^^^-fr^ciii-e. 13- h'^n^ifm{±MHe?&j$7^c'fe<^i)i:WJ^n§ (133)0 

^ KpMAN997nupG'# 1 -eFADRadde(idyicPpgiif*(purF",purA",deoD',p 
urR- ,add- , edd" , yicP" ,pgi " ) ^30°CT'?f^Mtei^ ts ^# tifc n D :=:-©^tM * 
T>b'S- >J >25yUg/ml<^^tfLBIg^:7°b- hlz^^ 30°CT-BfeJg« bfeo ^fe 
{Z :in ^ ©i^*®^*^'^ s i/ > ^^l^ =3 D :r — *sf# f> ti^ ct a (3 7" > t° i> U >25>ag/ 
iiil>&^tfLB^5^n/— h tz^^FjJ Us 42''CT-^W-rSi3D- — ^W}^Co 

-jg. 42°CT^W-raf>>^';i/nD--*t#^Mf^>&^»95gb. ffilBimxtdJ; 

cjgaus 42°CT-3~4B$r^. mto^mx^t^o ^n^i/>^*;i/3D^— *sf#e>tu 

tg#bs =3D^— ^ftjto miab;fei30-— ©4'*^e>Mf^:^l3l00i3Di^ — <&b° 
^-bT^n^ti^LB^^ri/— h hT>h-Sy U >25//g/inl$^tfLB*^ 

— >^31^;^o ;ztie)®@6^^o — >®^fe<*:DNA*^e)^{C^Nb;tPCRr^-f -7— 
-n-PCRJc J: V) nw^mm^m^ ^ ii^S^M-y-^ Xm\. 9kb© ^ D - > ^31^^ b 
Tto :itL^®^ P — >^nupG:);:^1*i: b^ ^tL^nFADRaddeddyicPpginupG«(pu 
rF ' , purA" , deoD " , purR" , add' , edd" , y i cP ' , pgi ' , nupG' )h\^fza 

2)MrapurF:7-^X ^ K#A1*©ru y^i^V^i/ Y^Mmmm 

1 )T-ftS^ b /tFADRaddeddyicPpginupGt^(purF' , purA" , deoD',purR" , add" , edd' , 
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yicP-,pgi-,nupG-){3pKFpurFKQ<&#AL;tff$Mfe^#:^f^i^t. Cin?)©1*CDr 



mi 5 

r 'J > :>? ^ u :t i> K ^mn^m-m 























(mg/L) 


(mg/L) 


FADRaddeddyicPpgi 


pKFpurFKQ 


1190 


835 


FADRaddeddyicPpginupG 


pKFpurFKQ 


3390 


315 
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> -fe ^ — iz T- ^ M^II 3 ^ {i 4 H3ig<D«^^tlo 
M^r ^ ® W n i, at ^JI 4 IBao^^^tlo 

^T.y^V'y—^zi)- (bMltti^mm izMti^ ^ti^ Rmr ^ mMM 9 H3«©0^^ 
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1 /3 



Hia dm 



Vsp I 




Vsp I 




Hia d ID 




on*- 



Hia din. Vsp I ?^Yb 



Hia dm. Vsp I Mit 




m 1 
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AroSiH i AroSlH [ q^^q 
900 L030 1640 




2Q30 



1100 2200 

guaC • n " _ 




BssH E Mlu I 
1170 1660 2200 




Hap I EcoKV 



yicP 



xapA 




2400 




3 
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Sequence Listings 



<110> ni^0^1*5^^tt(AJINOMOTO Co., Inc.) 
<120> m$'^ izX^yV (DU^'^ 
<130> B425SM0P759 
<150> JP 9-194603 
<151> 1997-07-18 
<160> 34 

<210> 1 

<211> 29 . :- - ^ 

<212> DNA " ' 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 1 

ctcctgcaga acgaggaaaa agacgtatg 29 

<210> 2 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 



<210> 3 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 3 

ctcgagctca tgggtaacaa cgtcgtcgta c 31 



<400> 2 

ctcaagcttt catccttcgt tatgcatttc g 



31 



<210> 4 
<211> 31 



THIS PAGE BUNK (uspto) 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 4 

ctcgtcgact tacgcgtcga acgggtcgcg c 31 

<210> 5 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA , . 



<210> 6 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 6 

ctcgcatgcc cgtgctttac caaagcgaat c 31 

<210> 7 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 



<210> 8 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 



<400> 5 

ctcgtcgacg cgggtctgga actgttcgac 



<400> 7 

ctcgtcgacg aaagtagaag cgtcatcag 



29 
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<223> Synthetic DNA 



<400> 8 

ctcgcatgct taacgacgat agtcgcgg 



28 



<210> 9 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 9 

gggcttcgtt cagaaccgct atgttgg - 27 

<210> 10 ,. 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 10 

tatggtattg atatgtggag cgccacggaa c 31 

<210> 11 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 11 

ctcgtcgacg gctggatgcc ttacgcatc 29 

<210> 12 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 



<400> 12 



^^^^ 
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ctcgcatgca gtcagcacgg tatatcgtg 29 

<210> 13 

<211> 29 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 

<400> 13 

ctcaagcttg tctgatttat cacatcatc 29 

<210> 14 

<211> 23 

<212> DNA ' 

<213> Artificial Sequence 

<220> V . 

<223> Synthetic DNA 

<400> 14 

ctcgagctca tgaaatttcc egg 23 

<210> 15 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 15 

ctcggatccg gtaccatgct g 21 



<210> 16 

<211> 32 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 

<400> 16 

ctcggtaccc tgttgcgtta agccatccca ga 



32 



<210> 17 
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<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 17 

ctcgcatgcc aacgtacggc attaaccta 29 

<210> 18 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 18 

ctcaagctta cggctctggt ccacgccag , 29 

<210> 19 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 19 

ctcctgcagc agcgttggga gattacagg 29 

<210> 20 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 20 

ctcgaattcg gatatctgga agaagaggg 29 

<210> 21 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Synthetic DNA 
<400> 21 

ctcaagcttg geiatagtccc ttcggtagc 

<210> 22 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 22 

ctcgtcgact ccattttcag ccttggcac 

<210> 23 

<211> 29 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 

<400> 23 

ctcgcatgcg tcgcatcagg catcggttg 

<210> 24 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 24 

ctcctgcagc gacgttttct tttatgaca 

<210> 25 

<211> 29 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
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<400> 25 

ctcaagcttc gtaactggtg acttttgcc 

<210> 26 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 26 

ctcgtcgact gcctaaggat cttctcatgc ctgatatg 

<210> 27 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<4rOO> 27 

ctcgcatgcg ccgggttcga ttagtgttc 

<210> 28 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 28 

gcgtgcagag ccactatcag c 

<210> 29 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 



<400> 29 

cgcggatccg cgacatagcc gttgtcgcc 



29 
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<210> 30 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 30 

cccatccact aaacttaaac atcgtggcgt gaaatcagg 

<210> 31 
<211> 39 

<212> DNA ' v ;,. 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 31 

tgtttaagtt tagtggatgg gcatcaacct tatttgtgg 

<210> 32 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 32 

cgcaagcttc aaactccggg ttacgggcg 

<210> 33 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 33 

ctcgaattca tggtgccgaa ccaccttgat aaacg 



<210> 34 
<211> 35 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 34 

ctcgtcgaca tgccgaaacc ggcgaatata gcgac 35 
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International Bureau of the international preliminary examination report established by the 
International Preliminary Examining Authority. 

2. Transmittal of the copy of the translation to the elected Offices. 
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furnished to an elected Office, that translation must contain a translation of any annexes to the 
international preliminary examination report. 

It is the applicant's responsibility to prepare and furnish such translation directly to each elected 
Office concerned (Rule 74.1 ). See Volume II of the PCT Applicant's Guide for further details. 



The international Bureau of WlPO 
34, chemin des Colombettes 
1211 Geneva 20. Switzerland 


Authorized officer 

Luis Hernandez 






Facsimile No. (41-22) 740.14.35 


Telephone No. (41-22) 338.83.38 







Form PCT/IB/338 (July 1 996) 3203767 



oj 



PATENT COOPERATION TREATY 

PCX 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
B425SMOP759 


FOR FURTHER ACTION ^^^^^^'^^^^^'^^^^^''^smiualonntemaiional Pre!iminar\' 

Examination Report (Form PCT/IPEAM 16) 


International application No. 

PCT/JP98/03239 


International filing date {day/month/year) 
17 July 1998(17.07.1998) 
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I. This international preliminar>' examination report has been prepared by this International Preliminary Examinine Authority 
and IS transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 



sheets, including this cover sheet. 



I I ^^'s ^^Po^ »s also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have been 
amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see Rule 
70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



sheets. 



3. This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-estabiishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicabilitv 
citations and explanations supporting such statement ' - ' 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



I 




n 


□ 


III 


□ 


IV 


□ 






V 




VI 


□ 


VII 


□ 


VIII 


□ 



Date of submission of the demand 

25 December 1998 (25.12.1998) 


Date of completion of this report 

03 August 1999 (03.08.1999) 


Name and mailing address of the IPEA/JP 

Japanese Patent Office. 4-3 Kasumigaseki 3-chome 

Chiyoda-ku, Tokyo 100-8915, Japan 
Facsimile No. 


Authorized officer 

Telephone No. (81-3) 3581 IIOI 



Form PCT/IPEA/409 (cover sheet) (July 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



Iniernaiional applicaiion No. 

PCT/JP98/03239 



I. Basis of the report 



1. With regard to the elements of the international application:* 
the international application as originally filed 

I I the description; 
pages 

pages 

pages 



. as originally filed 

filed with the demand 



□ 



, filed with the letter of 



the claims: 

pages 

pages 

pages 

pages 



. as originally filed 

as amended (together with any statement under Article 19 
. filed with the demand 



□ 



filed with the letter of 



the drawings: 

pages 

pages 

pages 



. as oriainallv filed 



filed with the demand 



filed with the letter of 



the sequence listing part of the description: 
pages 
pages 
pages 



, as originally filed 

filed with the demand 



filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the laneua^e in which 
the international application was filed, unless otherwise indicated under this item. " " 

These elements were available or furnished to this Authority in the following iansuase which is- 

□ 

the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
1^ the language of publication of the international application (under Rule 48 3(b)) 

□ 

the language of the translation furnished for the purposes of international preliminary examination (under Rule 55 2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
prelimmary examination was carried out on the basis of the sequence iistine' 

□ contained in the international application in written form. 



filed together with the international application in computer readable form 

□ furnished subsequently to this Authority in written form 

□ furnished subsequently to this Authorit>' in computer readable form 

The statement that the subsequently furnished written sequence listing does not eo bevond the disclosure in the 
international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 



□ 



The amendments have resulted in the cancellation of: 

□ 

the description, paees 

□ the claims, Nos. 

□ 



the drawings, sheets/fig. 



>. rn report has been established as if (some oO the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

♦ Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
"or/^/>2G//v y?W' and are not annexed to this report since thev do not contain amendments (Rule 70 16 

and 70. 1 7). 

Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 
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1 . Statement 

Novelty (N) Claims 1-13 

Claims 

Inventive step (IS) Claims 1-13 

Claims 

Industrial applicability (lA) Claims 1-13 

Claims 

2. Citations and explanations 

The inventions disclosed in Claims 1-13 are not 
described in the documents cited in the international 
search report or in other documents deemed relevant to 
said inventions, and could'not be invented easily by a 
person skilled in the .art by combining statements in these 
documents . 
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BRENDA:5.3.1.9 E. coli 



EvGJ. number 


5.3.1.9 fBRENDA copyright notice) 


Original Organism 


E. coli (KIO <i2>; phosphoglucose isomerase-like activity associated with the carboxy- 
terminai domains of glucosamine-6-phosphate synthase <33>) <2,12,33> 


Systematic name 


D-Glucose-6-phosphate ketol-isomerase 


Recommended name 


Glucose-6-phosphate isomerase 


Synonyms 


® Hexose 6-phosphate isomerase 
® PGI <I2> 

® 6-Phosphoglucose isomerase 

^ Phosphosaccharomutase 

^ Phosphohexose isomerase 

^ Phosphohexomutase 

® Phosphoglucoisomerase 

^ Phosphohexoisomerase 

^ Phosphoglucose isomerase 

® D-Glucose-6-phosphate isomerase 

^ Isomerase, glucose phosphate 

® Hexose phosphate isomerase. 

^ Hexose monophosphate isomerase 

^ Hexose isomerase 

^ Glucose phosphoisomerase 

^ Glucose 6-phosphate isomerase 

^ Glucose phosphate isomerase 

^ Oxni somerase 

^ Hexosephosphate isomerase 


CAS registration 

mi m not* 


9001-41-6 


Reaction 


D-Glucose 6-phosphate = D-fructose 6-phosphate 


Reaction type 


^ Intramolecular oxidoreduction 
^ Isomerization 


Substrates/products 


^ S' Fructose 6-DhosDhate <2 33> 
P: Glucose 6-phosphate <2,33> 


Natural substrates 


More (the formation of phosphoglucose isomerase is under respiratory control, during 
anaerobiosis the enzyme is derepressed parallely with other glycolytic enzymes <I2>) <I2> 


Specific activity 
(micromol/min/mg) 


-999 <12> 


Km-value (mlM) 


©09 /fnirtn<;p fi.nhn<;nhate\ (enTvme fnrm<; PGI I and PGI IT <1?>^ <1?> 
® 0.2 (enzyme forms PGI I and PGI II <12>) <12> 


Inhibitors 


o-rnospnogluconate 12> 


Purification 





y 


(2 forms: low-molecular weight form PGI I, and high-molecular weight form PGI II <!!>) 


Molecular Weight 


^ 220000-234000 (high-molecular weight form PGI II, gel filtration) <12> 

^ 120000-130000 (low-molecular weight form PGI I, gel filtration, sucrose density 
gradient centrifiigation) <I2> 


Subunits 


® Dimer (2 * 59000, low-molecular weight form, SDS-PAGE <12>) <2,12> 

® Tetramer (possible 4 * 59000, high-molecular weight form, SDS-PAGE <12>) < 12> 
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